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Abstract 
There is increasing concern that student interest in learning mathematics and attitude 
towards mathematics were declining. This decline is being experienced worldwide and is 
most evident in the senior years of high school and at university. This study explores the 
role that inquiry-based learning has in positively influencing and reshaping students’ 
beliefs and attitudes towards mathematics. Ill-structured tasks have proven a valuable tool 
for initiating inquiry-based learning in mathematics.  
 
Students in one senior high school mathematics class worked on an ill-structured task 
each semester for three consecutive semesters. Each ill-structured task took 
approximately 7 to 10 hours of learning time and targeted the content for a whole unit of 
work. Data were collected in a number of ways including surveys and ill-structured tasks 
both before and after implementation of the study, video recording of classes, audio 
recordings of post-task interviews with four pairs of students, extracts from students’ 
workbooks, and field notes.  
 
Surveys and interview questions used in this study focused on students’ beliefs and 
attitudes towards mathematics. Three students were also identified for case study and 
their progress was monitored more closely throughout the inquiry lessons. Data from 
surveys and ill-structured tasks were analysed using descriptive and comparative 
methods. Video and audio data were analysed by mapping excerpts of relevant data to 
predefined belief categories.  
 
Comparisons of initial and final surveys indicated that students in this class did self-report 
significant, positive shifts in their beliefs about the usefulness of mathematics. 
Comparisons of individual work on initial and final ill-structured tasks suggested that 
students became more able to select appropriate pathways for solution and provide 
justification for their selection. Students also appeared to be more able to overcome the 
impasses created by the ill-structured aspect of the problem towards the end of the study. 
 
Analysis of the video and audio data led to the central thesis for this study; as students 
worked with ill-structured tasks they developed an inquiry attitude. The students became 
more likely to believe that mathematics was useful for their lives, came to understand that 
mathematics has complex, multilayered, open-ended, messy components that are best 
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attempted collaboratively with other students in a group, and came to value the role of the 
teacher as a guide and expert mathematician while ceasing to rely on her as a source of 
truth. Students with an inquiry attitude actively explored multiple pathways for solution, 
justified their selected pathways, sought deep understanding of the task, took intellectual 
risks, and provided hypotheses. Results from case studies suggested students 
progressively developed this inquiry attitude through repeated engagement with the ill-
structured tasks.  
 
The findings of this study make a significant contribution to research within inquiry-based 
learning in mathematics as they present a senior high school example of the ways 
students initially adapt to inquiry learning environments. Results from this study also make 
a significant contribution to research within the affective domain of the classroom as they 
explore the ways in which learning opportunities influence and shape senior high school 
students’ mathematical beliefs and attitudes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
Declaration by author 
 
This thesis is composed of my original work, and contains no material previously published 
or written by another person except where due reference has been made in the text. I 
have clearly stated the contribution by others to jointly-authored works that I have included 
in my thesis. 
 
I have clearly stated the contribution of others to my thesis as a whole, including statistical 
assistance, survey design, data analysis, significant technical procedures, professional 
editorial advice, and any other original research work used or reported in my thesis. The 
content of my thesis is the result of work I have carried out since the commencement of 
my research higher degree candidature and does not include a substantial part of work 
that has been submitted to qualify for the award of any other degree or diploma in any 
university or other tertiary institution. I have clearly stated which parts of my thesis, if any, 
have been submitted to qualify for another award. 
 
I acknowledge that an electronic copy of my thesis must be lodged with the University 
Library and, subject to the policy and procedures of The University of Queensland, the 
thesis be made available for research and study in accordance with the Copyright Act 
1968 unless a period of embargo has been approved by the Dean of the Graduate School.  
 
I acknowledge that copyright of all material contained in my thesis resides with the 
copyright holder(s) of that material. Where appropriate I have obtained copyright 
permission from the copyright holder to reproduce material in this thesis. 
 
v 
 
Publications during candidature 
 
Peer reviewed conference paper: 
 
McGregor, D. (2014). Does inquiry-based learning affect students’ beliefs and attitudes 
towards mathematics?  In J. Anderson, M. Cavanagh & A. Prescott (Eds.), Curriculum in 
focus: Research guided practice. Proceedings of the 37th annual conference of the 
Mathematics Education Research Group of Australasia (pp. 453–460). Sydney: MERGA. 
 
 
  
Publications included in this thesis 
 
 “No publications included”. 
 
vi 
 
Contributions by others to the thesis  
“None”. 
 
Statement of parts of the thesis submitted to qualify for the award of another degree 
 
 “None”. 
 
 
vii 
 
Acknowledgements 
 
To my supervisors Katie Makar and Jana Visnovska; thank you so much for your 
continued support with my research and my writing. I appreciate the time you have given 
to my apprenticeship in academic writing and I realise I have so much more to learn. I 
hope to continue to learn from you in the future. 
 
To my family, my beautiful wife Nikki, my daughter Georgia and my son Elliott, I am forever 
in your debt for assisting and supporting me through the trials of my research. I am so glad 
to have shared this part of my journey with you.  
 
To my mother and father, your encouragement and belief in me is the only reason I have 
completed this thesis. To my father Ronald, you taught me to think critically about 
everything I heard, read and saw. To my mother Coral, you have shown me how to go 
after my goals, even when they appeared to have faded. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
viii 
 
Keywords 
 
high school, ill-structured tasks, students’ attitudes, inquiry-based learning 
 
Australian and New Zealand Standard Research Classifications (ANZSRC) 
 
ANZSRC code: 130208 Mathematics and Numeracy Curriculum and Pedagogy, 80% 
ANZSRC code: 130202 Curriculum and Pedagogy Theory and Development, 20% 
 
Fields of Research (FoR) Classification 
 
FoR code: 1302 Curriculum and Pedagogy 100% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ix 
 
Table of Contents 
Abstract .................................................................................................................................... ii 
Declaration by author .............................................................................................................. iv 
Publications during candidature ............................................................................................... v 
Contributions by others to the thesis ....................................................................................... vi 
Acknowledgements ................................................................................................................ vii 
Keywords .............................................................................................................................. viii 
List of Tables .......................................................................................................................... xii 
List of Figures ....................................................................................................................... xiii 
List of Appendices ................................................................................................................. xiv 
Chapter 1 Introduction ............................................................................................................ 1 
1.1 Impetus for the Study ................................................................................................. 1 
1.2 Background Research, Definitions and Research Needs .......................................... 2 
1.3 Purpose of the Study ................................................................................................. 4 
1.4 Research Questions .................................................................................................. 4 
1.5 Theoretical Perspective ............................................................................................. 4 
1.6 Overview of Methodology .......................................................................................... 5 
1.7 Significance of the Study ........................................................................................... 6 
1.8 Organisation of the Thesis ......................................................................................... 6 
Chapter 2 Literature Review ................................................................................................... 8 
2.1 Introduction ................................................................................................................ 8 
2.2 Inquiry-based Learning in Mathematics ..................................................................... 9 
2.3 Ill-structured Tasks .................................................................................................. 13 
2.4 Links with Modelling in Senior Secondary School ................................................... 17 
2.5 Student Beliefs and Attitudes towards Mathematics ................................................ 19 
2.6 Exploring Ways to Impact Student Beliefs and Attitudes towards Mathematics ...... 25 
2.7 Purpose and Direction for Research ........................................................................ 30 
Chapter 3 Theoretical Framework ........................................................................................ 32 
3.1 Introduction .............................................................................................................. 32 
3.2 Inquiry as a Way to Learn ........................................................................................ 32 
3.3 Learning from Others ............................................................................................... 35 
3.4 Cognitive Conceptualisations of Beliefs ................................................................... 37 
3.5 Summary of Chapter 3 ............................................................................................. 42 
Chapter 4 Methodology ......................................................................................................... 44 
4.1 Research Design ..................................................................................................... 44 
4.2 Participants .............................................................................................................. 45 
x 
 
4.3 Qualitative Data Sources ......................................................................................... 46 
4.4 Qualitative Procedures ............................................................................................ 48 
4.5 Qualitative Data Analysis ......................................................................................... 52 
4.6 Summary of Qualitative Aspects .............................................................................. 54 
4.7 Quantitative Data Sources ....................................................................................... 55 
4.8 Quantitative Procedures .......................................................................................... 58 
4.9 Quantitative Data Analysis ....................................................................................... 58 
4.10 Summary of Quantitative Aspects ......................................................................... 59 
4.11 Overview of Data Sources ..................................................................................... 60 
4.12 Overview of Procedures ........................................................................................ 60 
4.13 Overview of Data Analysis ..................................................................................... 61 
4.14 Summary of Limitations ......................................................................................... 62 
4.15 Pilot Study .............................................................................................................. 63 
4.16 Chapter Summary .................................................................................................. 64 
Chapter 5 Results and Analysis Part 1 ................................................................................. 66 
5.1 Introduction to Quantitative Results ......................................................................... 66 
5.2 Initial Results ........................................................................................................... 67 
5.3 Final Survey and Ill-Structured Task Data ............................................................... 79 
5.4 Summary for Chapter 5 ........................................................................................... 91 
Chapter 6 Results and Analysis Part 2 ................................................................................. 93 
6.1 Analysis of Classroom and Student Observations ................................................... 93 
6.2 The Nature of Mathematics ..................................................................................... 94 
6.3 Self-Efficacy for Solving Mathematical Problems .................................................. 104 
6.4 How Mathematics Should Be Taught .................................................................... 112 
6.5 The Social Context ................................................................................................ 117 
6.6 Summary of Chapter 6 ........................................................................................... 124 
Chapter 7 Case Studies ...................................................................................................... 127 
7.1 Introduction ............................................................................................................ 127 
7.2 Case Study 1 - Chloe ............................................................................................. 128 
7.3 Case Study 2 - Glen .............................................................................................. 144 
7.4 Case Study 3 - Erin ................................................................................................ 157 
7.5 Conclusions to Case Studies ................................................................................. 174 
Chapter 8  Discussion and Conclusions ............................................................................. 177 
8.1 Introduction ............................................................................................................ 177 
8.2 The Role of Ill-structured Tasks in an Inquiry Learning Environment. ................... 179 
8.3 Student’s Performance on Ill-structured Tasks ...................................................... 187 
8.4 Beliefs and Attitudes Affected in an Inquiry Learning Environment ....................... 193 
xi 
 
8.5 How Inquiry Learning Affects Students’ Beliefs and Attitudes ………....................198 
8.6 Considerations regarding Results .......................................................................... 207 
8.7 Implications for Research ...................................................................................... 208 
8.8 Implications for Practice ......................................................................................... 209 
8.9 Conclusions ........................................................................................................... 209 
References .......................................................................................................................... 212 
Appendices ......................................................................................................................... 230 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xii 
 
List of Tables 
 
Table 2.1 The Affective Domain in Mathematics Education Category Examples ................. 22 
Table 2.2 Ernest’s three philosophies of mathematics (Leatham, 2002) .............................. 22 
Table 2.3 Belief and possible naive interpretations. ............................................................. 27 
Table 3.1 Stages of cognition in an inquiry learning environment (Dewey, 1938). ............... 33 
Table 3.2 Aspects of learning reported to positively impact affect. ....................................... 37 
Table 4.1 Research questions and related data sources. ..................................................... 60 
Table 4.2 Summary of techniques employed, presented sequentially. ................................. 62 
Table 5.1 Initial results from IMBS ........................................................................................ 67 
Table 5.2 Initial results from MAS ......................................................................................... 70 
Table 5.3 MAS open-ended Question 1 (What is mathematics?). ........................................ 73 
Table 5.4 MAS open-ended Question 2 (What does it mean to understand mathematics?) 74 
Table 5.5 MAS open-ended Question 3 (Explain role of critical thinking) ............................. 75 
Table 5.6 MAS open-ended Question 4 (What reasons for studying mathematics?) ........... 76 
Table 5.7 Initial results from ill-structured task ...................................................................... 78 
Table 5.8 Results from final IMBS ........................................................................................ 79 
Table 5.9 Comparison of initial and final IMBS subscale ...................................................... 82 
Table 5.10 Results from final MAS ....................................................................................... 83 
Table 5.11  Comparison of initial and final MAS ................................................................... 85 
Table 5.12 Comparison of initial and final MAS open-ended Question 1. ............................ 86 
Table 5.13 Comparison of initial and final MAS open-ended Question 2 ............................. 87 
Table 5.14 Comparison of initial and final MAS open-ended Question 3 ............................. 88 
Table 5.15 Comparison of initial and final MAS open-ended Question 4 ............................. 89 
Table 5.16 Approach to ill-structured aspect of mathematical task ...................................... 90 
Table 6.1 Summary of instances of excerpts relating to beliefs ............................................ 94 
Table 6.2  Initial approach to ill-structured task summary for groups ................................. 107 
Table 6.3 Aspects of inquiry that may affect students’ beliefs and attitudes ....................... 125 
Table 7.1 Case study participant’s responses on the initial IMBS for Usefulness subscale 128 
Table 7.2 Case study participant’s responses on the initial MAS for the Attitude Subscale 128 
Table 7.3 Summary of excerpts presented for Chloe, mapped against belief categories ... 131 
Table 7.4 Summary of excerpts presented for Glen, mapped against belief categories..... 146 
Table 7.5 Summary of excerpts presented for Erin, mapped against belief categories ...... 160 
Table 7.6 Comparison of case study participants’ responses to initial and final IMBS.. ..... 175 
Table 8.1 Aspects of ill-structured tasks that supported inquiry learning ............................ 180 
Table 8.2 Student responses to IMBS statement 3 ............................................................ 196 
xiii 
 
 
List of Figures 
Figure 2.1 Galbraith & Stillman’s (2006) Modelling Process Chart ....................................... 18 
Figure 2.2 Relationship between the factors that affect beliefs and attitudes  ...................... 29 
Figure 3.1 An example of the impacts of beliefs on attitudes and emotions. ........................ 38 
Figure 3.2 A model of conceptions of the affective domain  ................................................. 39 
Figure 4.1 Procedure of implementation for this study ......................................................... 61 
Figure 5.1. Initial ill-structured task used as a pre-test ......................................................... 77 
Figure 6.1. Model of the guided inquiry process for mathematics  ....................................... 93 
Figure 6.2. Student workbook from inquiry unit 3. .............................................................. 109 
Figure 7.1. Effect of mathematical inquiry on students’ beliefs and attitudes towards mathematics.
 ......................................................................................................................... 176 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
xiv 
 
List of Appendices 
   
Appendix A    Interview categories and Questions …………………………………… 231 
Appendix B    Initial Ill-Structured Task…………………….………….…………..…… 232 
Appendix C    Final Ill-Structured Task ………………………………….…………..… 233 
Appendix D    Indiana Mathematics Belief Scales …………………………………... 234 
Appendix E    Mathematics Appreciation Survey ………………………..………….. 236 
   
 
1 
 
Chapter 1 
Introduction 
1.1 Impetus for the Study 
There is increasing concern that student interest in learning mathematics is declining. In 
Australia this decline has been partially attributed to students finding mathematics ‘boring’ 
and it has been argued that ‘inspirational teaching’ was needed to reengage students in 
this important field of study (Office of the Chief Scientist, 2012, p. 4). This decline appears 
to be most notable in senior, elective mathematics courses (Kennedy, Lyons & Quinn, 
2014) and is being experienced worldwide (OECD Global Science Forum, 2006). While 
some of these reports highlight the need for attracting prospective teachers with skills in 
mathematics, little direction exists for those teachers already in the classroom.  
Within the mathematics classroom, a focus on numeracy test scores can be argued to 
encourage the use of traditional teaching methods that rely on short, closed style 
questions and oversimplified texts (Thornton & Hogan, 2004). Students are often explicitly 
shown how to solve the problems before they attempt them (De Corte, Vershaffel & 
Depaepe, 2008; Makar, 2012; Schoenfeld, 1992). The resulting teaching does not promote 
relational understanding and instead foregrounds skill development and an instrumental 
understanding of mathematics (Boaler, 1998; Skemp, 1976). A narrow focus on skill 
development has been shown to reduce engagement and motivation (Diener & Dweck, 
1978; Fielding-Wells & Makar, 2008) and to discourage students from selecting high level 
mathematics at senior high school and university. 
Overexposure to traditional classroom experiences in mathematics may lead to students 
developing naïve beliefs about the nature of mathematics (Schoenfeld, 1992), the role 
mathematics plays in society (McLeod, 1992), how ability is attained in mathematics (Di 
Martino & Zan, 2014) and how mathematics should be taught (McLeod, 1992). Students 
may carry these naïve beliefs with them into their adult lives and this reduces the likelihood 
that they will confidently use mathematics to improve their understanding of the world 
(Westwood, 2008). Given the imperative to build students appreciation of mathematics, it 
is important for educators to understand how beliefs and attitudes are affected by the style 
of teaching and learning mathematics. One technique that has shown potential to 
positively affect students’ beliefs and attitudes towards mathematics is inquiry-based 
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learning (Taylor, 2009; Ward et al., 2010). For example Taylor’s (2009) research found 
that exposing primary school students to a five week, inquiry-based learning course 
designed to improve students understanding of mathematics had significant impacts on 
students’ beliefs and attitudes towards mathematics. 
1.2 Background Research, Definitions and Research Needs 
The notion of inquiry-based learning can be attributed to Dewey (1915, 1938). Dewey 
(1915) considered that ‘real’ learning took place when the student experienced some form 
of doubt. Dewey (1938) argued that cognitive conflict requires the student to think. This 
thinking can lead to changes in students’ understanding, beliefs and actions. Modern 
techniques that utilise inquiry-based learning are designed to place the onus on the 
student to actively seek knowledge and relational understanding, develop techniques for 
solving problems and collaboratively select pathways that are defendable and make sense 
(Dorier & Maass, 2014; Makar, 2012).  
The types of questions used in an inquiry learning environment in mathematics differ from 
many textbook style questions. Inquiry-based learning questions are intended to be 
relevant to students’ lives, open- ended, complex and multilayered (Boaler, 1998; Fielding-
Wells, Dole & Makar, 2014). Inquiry-based learning questions in mathematics often take 
more than five minutes to solve and rarely have one correct answer. One question type 
that is increasingly being used in inquiry learning environments is an ill-structured task 
(Fielding-Wells et al., 2014). 
Ill-structured tasks contain some ‘messy’ aspect. This messy aspect can include 
incomplete information, vagueness or not relying on pre-defined steps to lead to an 
answer (Lodewyk, 2007; Simon, 1978; Spector, 2006). These ill-structured tasks usually 
use a context that is designed to improve the connection of the learner to the world outside 
of the mathematics classroom (Makar, 2012). Few empirical research projects have 
explored the way that ill-structured tasks contribute to the development of an inquiry 
learning environment and whether or not students become more proficient at solving this 
type of task through experience. 
In order to understand how using ill-structured tasks in an inquiry learning environment can 
positively affect students’ beliefs and attitudes, it is important to explore the types of beliefs 
and attitudes that occur in a mathematics classroom. For the purposes of this study, 
beliefs are characterised as the understanding and feelings of an individual (Ambrose, 
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2004). Beliefs are generally considered to exist in sets of beliefs or networks of beliefs 
(Goldin, Rosker & Torner, 2009; Taylor 2009; Zalska, 2012) and can be considered to 
originate from two sources: experiences and culturally inherited constructs (Ambrose, 
2004; Pajares, 1992; Dewey, 1953).  
If personal experiences and cultural influences are thought to shape students’ beliefs, then 
it can be assumed that all students will hold unique beliefs and attitudes. Despite these 
individual differences, beliefs and attitudes towards mathematics can be regarded to exist 
on a continuum from naïve to sophisticated (Muis, Franco & Gierus, 2011). For example, 
students may naively believe that all questions in mathematics take less than five minutes 
to solve (Schoenfeld, 1992). Beliefs in mathematics are defined for this project as being 
able to be categorised into four main types: 
• The nature of mathematics in general 
• Self-efficacy for solving mathematical problems 
• How mathematics should be taught 
• The way society views mathematics (McLeod, 1992, p.578). 
Attitudes are considered for this study as a pattern of beliefs or emotions associated with 
mathematics (Di Martino & Zan, 2014). An example of the relationship between beliefs and 
attitudes would be that if a student believed that they were good at solving problems then 
they may have the attitude that solving problems is enjoyable. Attitudes are considered an 
indicator of student behaviour in mathematics and have been argued to affect the 
approach students will take to solving difficult problems (Pajares, 1992).  
Students’ beliefs and attitudes are regarded as being fairly stable, especially for older 
students (Ambrose, 2004; Di Martino & Zan, 2011; Goodykoontz, 2008). Deliberately 
impacting students’ beliefs can be attempted through a number of strategies, namely: 
creating an experience that causes conflict with their current beliefs (Dewey, 1938), asking 
students to reflect on beliefs that may be covert (Pajares, 1992), engaging students with 
other learners who hold different beliefs (Bandura, 1986), and creating experiences that 
cause emotional experiences (Ambrose, 2004). While inquiry-based approaches have 
been found to have impacts on students’ beliefs and attitudes towards mathematics 
(Taylor, 2009; Ward et al., 2010), there appears to be little empirical data to explain how 
4 
 
using inquiry learning influences students’ beliefs and attitudes. Both the mechanisms for 
change and the outcomes of those changes are largely unexplored.  
1.3 Purpose of the Study 
The purpose of this study is to explore how using ill-structured tasks in an inquiry-based 
learning environment affect student beliefs and attitudes towards mathematics. The role of 
ill-structured tasks within the inquiry learning environment will also be explored to assist 
with understanding this problem type and how it may support the inquiry process. 
1.4 Research Questions 
This study is guided by the following main research question. 
 How does creating an inquiry-based learning environment in mathematics influence 
student beliefs and attitudes about mathematics? 
The main research question seeks to explore outcomes of students experiencing an 
inquiry learning environment as well as the specific mechanisms of inquiry learning that 
shape students’ beliefs and attitudes towards mathematics. 
The following sub-questions assisted with the exploration of the main research question: 
 How does the use of ill-structured tasks contribute to the development of an inquiry-
based learning environment in mathematics? 
 Do students who practice ill-structured tasks perform better on future ill-structured 
tasks? 
 Which beliefs and attitudes does inquiry learning influence (if any)? 
1.5 Theoretical Perspective 
A combination of theoretical perspectives has influenced the researcher’s focus, data 
collection, methods, and analysis strategies. The confluence of these perspectives 
informed how beliefs and attitudes might be interpreted from classroom interactions. The 
key theorists whose work has been adopted in this study are Dewey (1915, 1938), 
Bandura (1977, 1986) and McLeod (1992). The way the work of each theorist contributed 
to the researcher’s perspective will now be briefly outlined. 
Firstly, this study drew from a constructivist view of learning that suggests personal 
experiences build an understanding of the world. Dewey (1915) postulated that all learning 
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is an extension of life experience and argued that learning should reflect this real-world 
nature of knowledge. Inquiry learning strategies were designed to incorporate real life 
experiences and reflect the views of Dewey (1938). 
Secondly, the researcher’s perspective aligned with work from Bandura (1977, 1986) who 
argued that students can also learn through observing others and modelling their 
behaviour. Bandura (1977) suggested that behaviour doesn’t necessarily reflect what a 
student knows, as other environmental and motivational factors also contribute to changes 
in behaviour. Observing beliefs and attitudes is considered difficult and can only be 
inferred from observing the behaviour of students (Pajares, 1992).  
Thirdly, the researcher adopted McLeod’s (1992) understanding that beliefs and attitudes 
are cognitive constructs that can be treated as schemas of thought. McLeod (1992) argued 
that beliefs about mathematics are shaped by experiences within the classroom. 
Educators therefore need to be cognisant of the role beliefs and attitudes play in 
mathematics and the messages students receive through our selected pedagogy.  
The researcher’s perspective of learning suggested a research design that will now be 
discussed and is elaborated in chapter 4. 
1.6 Overview of Methodology 
Due to the challenge of locating a senior high school mathematics class that was 
effectively using inquiry learning methods, this study used a design experiement approach 
as described by Cobb, Confrey, diSessa, Lehrer and Schauble (2003). A design 
experiment approach allowed for the creation of the desired inquiry learning environment 
(Cobb et. al., 2003). The design experiment approach encourages continual improvements 
to be made throughout the design and research cycle in order to create the environments 
that were to be studied. 
The researcher collaborated with one mathematics teacher to design ill-structured tasks 
during the first three semesters of Year 11 and 12 for one Maths A classroom in a 
Queensland, metropolitan State school. The participants were 23 students of whom 11 
were male students and 12 were female students.  The study consisted of three separate 
units of work that incorporated the use of an ill-structured task in an inquiry learning 
environment. Units typically took between 7 to 10 hours of learning time. 
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Data were collected in a number of ways including initial and final surveys and ill-
structured tasks, video recording of classes, audio recordings of post-task interviews with 
four pairs of students, extracts from students’ workbooks, and field notes. Using Creswell’s 
(2014) and Erickson’s (2006) frameworks as a guide, qualitative data were analysed using 
an iterative approach that mapped partial transcripts to McLeod’s (1992) categories of 
beliefs and Goodykoontz’s (2008) factors that influence beliefs as categories. The results 
were then examined to search for instances when students’ beliefs and attitudes were 
exposed, engaged and challenged. Analysis of surveys used descriptive statistics of initial 
data and also paired t-tests to compare initial and final responses (Bell, 2010). Ill-
structured tasks were coded using categories that were determined inductively. Open-
ended survey responses were coded using predetermined categories as described by 
Ward et al., (2010). 
1.7 Significance of the Study 
Students’ attitudes towards learning mathematics relies on their beliefs about mathematics 
and how mathematics should be taught. Data from this empirical study was intended to 
assist with understanding specific techniques that can be used to improve students’ beliefs 
and attitudes towards mathematics. Improving beliefs and attitudes may encourage 
students to appreciate the beauty and power of mathematics, interrogate relational 
mathematical concepts and continue studying mathematics to a tertiary level. 
This study will also explore and construct theories about the role of inquiry learning in 
challenging, broadening and shaping students’ beliefs and attitudes towards mathematics. 
Results are intended to deepen the research communities understanding of the impact of 
inquiry learning in mathematics. Results from this study may also provide educators with a 
rationale for utilising different pedagogical techniques. 
1.8 Organisation of the Thesis 
This study is organised into eight chapters. Following the introduction in chapter 1, chapter 
2 provided a critical analysis of the literature that informed this study. Discussion entailed 
an examination of literature relevant to (a) inquiry learning in mathematics (b) ill-structured 
tasks (c) beliefs and attitudes in mathematics and (d) how to impact beliefs and attitudes in 
mathematics.  
Chapter 3 provided a detailed discussion of the researcher’s theoretical perspectives on 
learning, beliefs and attitudes and outlines the position adopted by the researcher for this 
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study. Chapter 3 reviewed the work of three key theorists, Dewey (1915, 1938), Bandura 
(1977, 1986) and McLeod (1992) and explored other research that assisted with analysing, 
extending and contextualising the ideas of those key theorists.  
Chapter 4 outlined the methodology used for the study. Participants and the context are 
described. Aspects of the context for the study, theoretical position of the researcher and 
main research question were discussed to build support for the methods of collecting and 
analysing data.  
Chapter 5 presented and discussed the quantitative results for this study. These results 
included an analysis of initial surveys and ill-structured tasks. Data from final surveys and 
ill-structured tasks was explored and comparative analysis was conducted. 
Chapter 6 presented and discussed data from the video recording observations of classes, 
student workbooks and post-task interviews. The data are presented in the categories of 
beliefs as defined by McLeod (1992) and sought to highlight instances when students’ 
beliefs and attitudes were exposed or challenged. 
Chapter 7 then deepened insights into documented shifts in students’ beliefs and attitudes 
by presenting three case studies. Excerpts used in the case studies were not repeated in 
Chapter 6 and vice versa. Of particular interest was the tracing of students’ experiences 
with using ill-structured tasks in an inquiry learning environment. 
Chapter 8 presented the discussion and conclusions for the study. The central thesis for 
this study was developed: as students worked with ill-structured task they developed what 
was called an inquiry attitude. Students’ beliefs and attitudes in relation to the usefulness 
of mathematics appeared to shift to become more positive across the study. Conclusions 
drawn from the results from case studies suggested students progressively developed this 
inquiry attitude through repeated engagement with the ill-structured tasks. Further areas of 
possible research and implications for practice are outlined at the end of this chapter. 
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Chapter 2 
Literature Review  
2.1 Introduction 
Pedagogy associated with mathematics education has a renewed focus on ensuring 
students are able to apply their learning to real-world situations (Boaler, 1998; Jaworski, 
2010; Makar, 2012; Schoenfeld, 1988; Skemp, 1976). There is increasing attention being 
given to strategies that aim to improve deep conceptual understanding and build students’ 
appreciation for the power of mathematics when applied to everyday problems. Attempting 
to build students’ appreciation for real-world mathematics has resulted in educators 
exploring the role of beliefs and attitudes in the mathematics classroom. While there 
appears to be growing interest in this area, the research community has only begun to 
uncover the relationships between students’ beliefs and attitudes and their performance in 
mathematics (De Corte et al., 2008). Research that offers educators strategies to change 
student beliefs in ways that may improve students’ interest in accessing higher levels of 
mathematics is yet to occur in any concerted way (Grant, 2011; Maab & Schloglmann, 
2009; Maass, 2010).  
Combining an interest in (a) pedagogies that promote conceptual understanding and 
(b) ways of shaping students’ beliefs, this research has focused on the impact an inquiry-
based learning environment may have on students’ beliefs and attitudes towards 
mathematics. It has been argued that students who learn mathematics via non-traditional 
methods tend to hold more sophisticated beliefs about mathematics in general (Lodewyk, 
2007; Mumford, Baughman, Threlfall, Uhlman, & Costanza, 1993). Inquiry-based learning 
environments are one method which has shown improvements in both students’ beliefs 
about learning mathematics and student achievement in mathematics (Kogan & Laursen, 
2013; Muis, Franco & Gierus, 2011; Ward et al., 2010). The use of ill-structured tasks is 
one method of promoting the strategies associated with inquiry-based learning 
environments in mathematics (Fry & Makar, 2012). Ill-structured tasks are real-world 
problems that require students to critically analyse the content, structure and purpose of 
the question to enable them make choices and draw final conclusions.  
Research suggests that students with more sophisticated beliefs in relation to learning 
mathematics are better equipped to solve real-world, open-ended, mathematical modelling 
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and ill-structured tasks (Kogan & Laursen, 2013; Galbraith & Clatworthy, 1990; Ge & Land, 
2001). This study therefore explores the conjecture that engaging students in ill-structured 
tasks in an inquiry-based learning environment can contribute to a positive impact on 
students’ beliefs and attitudes towards mathematics.   
Investigation of how inquiry-based learning may influence students’ beliefs and attitudes 
towards mathematics will therefore require a deeper examination of both foundational and 
current research in the following fields: 
(a) Inquiry-based learning in mathematics, 
(b) Ill-structured tasks, 
(c) Links with modelling in senior secondary school, 
(d) Students’ beliefs and attitudes towards mathematics, and 
(e) Exploring ways to impact students’ beliefs and attitudes towards mathematics 
2.2 Inquiry-based Learning in Mathematics 
The advent of new technologies has influenced educators to question the role of 
information and knowledge in the learning process (Schunk, 2012). With such readily 
accessible information through these new technologies, the focus for many educators has 
been on how to create more authentic learning experiences that will equip learners for life 
in a technology rich world (Goos & Bennison, 2007). Traditional mathematics learning 
experiences use questions that have constrained or over-simplified contexts. Students 
answering these types of questions are regularly given explicit direction about how to solve 
the problem and are often provided with a rule or formula that can expedite this process 
(De Corte et al., 2008; Makar, 2012). This often requires little understanding on the part of 
the learner as the rule contains the interconnection between the elements or variables in 
the problem and these relationships have been presented in an abbreviated format (De 
Corte et al., 2008). 
Skemp (1976) referred to the dichotomy of approaches to learning mathematics as the 
teaching of instrumental versus relational understanding. Instrumental learning was 
understood by Skemp to be learning that follows a specific set of steps or guidelines to 
arrive at a fixed goal. In instrumental learning, the relationship between the steps is not 
made explicit and does not need to be understood to solve the question. Relational 
understanding instead focuses on the schematic overview of the question and allows the 
learner to choose any number of possible pathways to solution. Skemp explains that 
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instrumental understanding has a place in mathematics. For example, an instrumental 
understanding of simple relationships such as those between speed, distance and time 
can be argued to allow the mathematician to move quickly past necessary calculations to 
explore the deeper question (Skemp, 1976). Relational understanding has been reported 
to improve the transferability of learning (Goos, 1995; Schoenfeld, 1992; Skemp, 1976). 
Due to this interconnected nature of mathematical content, relational understanding builds 
over time to allow the learner to see the myriad of relationships that exist within the 
discipline of mathematics (Jaworski, 2010; Skemp, 1976).  
An attempt to utilise mathematical learning styles that promote relational understanding 
has contributed to the need for methods such as inquiry-based learning.  In mathematics 
education, it is acceptable to define inquiry-based learning as responding to ill-structured 
problems (Chapman & Heater, 2010; Makar, Bakker & Ben-Zvi, 2011; Ridlon, 2009). 
Classrooms engaged in inquiry learning of mathematics appear different to traditional style 
classrooms. Inquiry learning in mathematics encourages students to use conjecture, 
accepts that they will sometimes make mistakes, is communicative by nature, focuses on 
the process rather than an answer and allows for a shared sense of purpose within the 
class (Dorier & Maass, 2014; Makar, 2012). The role of the teacher is also different than in 
a traditional classroom. Teachers in an inquiry environment seek to support students to 
construct knowledge for themselves rather than simply telling them how to complete the 
questions (Dorier & Maass, 2014; Makar, 2012; Stephan, 2014).  
Students in an inquiry learning environment in mathematics are expected to ask questions, 
think mathematically and develop answers with others in groups (Dorier & Maass, 2014). 
Due to the open-ended nature of the work, students who are involved in an inquiry learning 
environment are encouraged to propose and justify questions and to work with others to 
develop shared understanding and definitions for terms (Makar, 2012). This gives students 
some control over the direction of their learning and they often learn collaboratively from 
other students (Boaler, 2008).  Goos (2004) acknowledged this collaborative learning 
when she described inquiry in mathematics as being framed within a classroom 
community of inquiry. 
 Whilst inquiry learning does not focus specifically on disciplinary knowledge, Beane 
(2002) argued that all of the core learnings of programs appear to be covered in an inquiry 
classroom. Calder’s (2015) research supported this notion and suggested that learning in 
an inquiry environment doesn’t unfold in a predetermined way and the learning trajectory 
11 
 
isn’t always linear. In contrast, traditional classrooms attempt to focus students on the 
same concepts at the same time. Rather than seeing this as a challenge to operating an 
inquiry learning environment, Calder’s (2015) research suggested that student scaffolding 
was more effective in an inquiry learning environment as the teacher could cater more 
individually to students at their level of understanding. 
Goos (2004) recognised that not all students engaged with the inquiry-based learning 
format in the classroom under inspection and she suggested this may be linked to their 
beliefs about the nature of mathematics and objection to the inquiry style of learning. 
Further research into students’ epistemological beliefs may create a deeper understanding 
of the experiences of students who do not engage in inquiry learning. This provides an 
area of research that would contribute worthwhile information to this field of knowledge 
regarding aspects of inquiry classrooms. Arguments from Goos (2004) study drew on 
classroom observations and student interviews to specify the key aspects of a classroom 
community of mathematical inquiry. Goos used the Vygotskian framework to explore the 
Zone of Proximal Development within the classroom she studied and characterised inquiry 
as students speaking and acting mathematically.   
Goos, Gailbraith and Renshaw (2002) made an important distinction between the 
classroom dialogue found in collaborative environments and those of other less bi-
directional peer to peer situations. The examples Goos et al. (2002, p. 196) used to 
highlight this distinction were those of peer tutoring and cooperative learning. Peer tutoring 
is generally designed with an expert student tutoring a novice. Cooperative learning 
generally requires students to complete a smaller subtask that collates with other subtasks 
in the group to complete the whole group task (Goos et al., 2002). In contrast, 
collaborative environments are premised on the collective participation of the whole group 
developing a shared understanding of a task or goal through extensive argument and 
discourse. Studying the classroom dialogue can therefore be considered an important 
facet of research that focuses on inquiry learning (Perger, 2013). 
Boaler (1998) specifically studied the effects of using real-world problems in mathematics 
instead of content-driven, ‘one correct solution’ style tasks. Her work examined students’ 
prior knowledge of a particular mathematical content area through the use of a brief pen 
and paper exam. Working within this same field of content, she then asked students to 
complete a real-world activity and compared the student results on the pre-test. Her 
research revealed that students involved in inquiry style mathematics learning performed 
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better on the applied, real-world questions than did students who learned mathematics via 
traditional means and their results on the pen and paper tests were about the same. 
Students who were taught using traditional approaches performed the same on the 
traditional pen and paper exam but did not perform well on the open-ended tasks (Boaler, 
1998). 
Other argued benefits of using an inquiry learning environment in mathematics include that 
students are more likely to be motivated, more likely to focus on the question and be able 
to more readily resolve misconceptions (Artigue & Blomhøj, 2013; Vars, 1997).  Artigue 
and Blomhøj (2013) concluded that inquiry classrooms allowed students to have more 
direct experience of evidence that conflicts with their currently held beliefs. However, the 
impact of these benefits has been argued to be higher when students have greater control 
over the curriculum that is learned (Beane, 1997).  
A student who is successful in a short response mathematical learning environment may 
not respond well to the open-ended, real-world tasks Boaler described in her research. 
Schoenfeld (1988) closely observed Year 10 mathematics classes and concluded that the 
traditional style of learning had led students to thinking that all mathematics problems can 
be solved in, ‘Just a few minutes.’ A number of researchers have described the ‘passive 
consumer’ or ‘learned helpless’ approach of some students in mathematics (Diener & 
Dweck, 1978; Dweck, 2000; Schoenfeld, 1988).  In this learned helpless approach, 
students do not attempt to solve difficult problems; instead they wait for the teacher to 
explain the problem or even do it for them. Dweck’s (1986) research found that the 
overuse of performance goals can promote this style of learner who avoids challenge. She 
argued that a performance focus in mathematics can affect student’s motivation generally. 
The need for alternative learning styles presents challenges for teachers of mathematics. 
Inquiry learning shifts the challenge questions to the front of the lesson and allows for 
exploration through the components of the question (Jaworski, 2010; Kogan & Laursen, 
2013; Makar, 2007, 2012). Ill-structured tasks are designed to provide students with 
complex, real-world challenges. Giving students explicit assistance would nullify the 
processes of the ill-structured task. Makar (2007) found that hurdles for teachers 
implementing an inquiry style learning environment included difficulty envisioning what the 
classroom environment would look like, teacher beliefs about the nature of mathematics, 
inadequate resources, inadequate time and constraints on teacher freedom to deviate 
from a prescribed curriculum. Maab,& Artigue, (2013) suggested that inquiry learning in 
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mathematics can be incorporated into everyday teaching practice if teachers have access 
to adequate professional development, ample teaching resources are provided and 
attention is given to the local context of the school and classroom. 
Some research has suggested that problem based learning and inquiry learning can be 
detrimental to students learning. Kirschner, Sweller and Clark (2010) used a cognitive 
approach to argue that front loading questions can create high cognitive load that could 
lead to decreases in learning. Kirschner et al. (2010) suggested real learning only takes 
place when information is stored in the long term working memory that can be readily 
accessed after the event. Their work suggested that this overload for students’ working 
memory occurs due to the unguided nature of open-ended learning approaches. The 
inquiry learning environment is also argued to be experienced differently for students with 
learning disabilities. Front loading of challenging questions is not considered to be the best 
way for some students with learning disabilities to learn (Baxter, Woodward & Olsen, 
2001). Despite these criticisms, modern inquiry-based learning classrooms generally offer 
students guidance with how to approach the problem (Hmelo-Silver, Duncan & Chinn, 
2006).  
Other criticisms for inquiry-based learning draw on Hattie’s (2009) meta-analysis of the 
effect of different educational approaches on learning outcomes. Within this analysis, 
inquiry learning has an effect size of 0.31, slightly below the average effect size of a 
classroom teacher (0.31) and well below the highest programs such as Piagetian 
programs (1.28). However, Hattie’s (2009) research used studies from as far back as the 
1980s. At this point in time, inquiry-based learning programs may have had a very different 
approach to modern inquiry classrooms. Other aspects within Hattie’s (2009) results also 
appear to demonstrate conflicting results. For example, problem solving methods showed 
an effect size of 0.61 and cooperative learning versus individualistic learning was shown to 
have an effect size of 0.59. Both problem solving and cooperative learning strategies are 
used within an inquiry-based environment. The next section seeks to elaborate modern 
techniques for implementing an inquiry learning environment through the use of ill-
structured tasks. 
2.3 Ill-structured Tasks 
Ill-structured tasks have been successfully used in inquiry learning environments in 
mathematics classrooms (Fry & Makar, 2012; Makar, 2012). Ill-structured tasks are real-
world problems that contain a level of ambiguity or complexity that is not able to be 
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resolved through step by step processes. Ill-structured tasks by design have an unclear 
starting point and/or unclear goal. Students answering ill-structured questions are required 
to synthesise knowledge, think metacognitively, link learning to real-world situations and 
establish patterns from seemingly unrelated aspects of a problem (Kitchner, 1983). Ill-
structured tasks may or may not have an expected answer or outcome (Spector, 2006).  
Ill-structured tasks in mathematics are generally considered to be open-ended, context-
based questions that have a deliberate messiness in the question. The question 
messiness varies from study to study but can include vagueness, having key factors 
missing, using data that is not uniformly collected or sorted and not having specific steps 
that lead to the answer. Within research literature there are a range of reasons a 
mathematics problem or task can be described as ill-structured. Jonassen (1997, p. 68) 
outlined 12 different types of ill-structured science problems, listed below.  
 Appear ill-defined because one or more of the problem elements are unknown or 
not known with any degree of confidence 
 Have vaguely defined or unclear goals and unstated constraints, 
 Have no consensual agreement of the appropriate solution, 
 Possess multiple criteria for evaluating solutions, 
 Possess less manipulable parameters, 
 Have no prototypic cases because case elements are differentially important in 
different contexts, 
 Present uncertainty about which concepts, rules, and principles are necessary for 
the solution, 
 Possess relationships between concepts, rules, and principles that are inconsistent 
between cases  
 Offer no general rules or principles for describing or predicting most of the cases, 
 Have no explicit means for determining appropriate action, 
 Require learners to express personal opinions or beliefs about the problem, and are 
therefore uniquely human interpersonal activities and 
 Require learners to make judgments about the problem and defend them. 
Although Jonassen wrote the list above based on research of science classrooms, there 
are obvious links to mathematics classrooms. For example, the notion that ‘relationships 
between concepts and rules are inconsistent’ may be seen as challenging in a traditional 
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mathematics classroom that focuses on using rules to find predetermined answers to 
closed questions. Byun, Lee and Cerreto (2014) argued that the term ‘ill-structured 
problems’ was not so clearly defined and that all problems exist somewhere on a 
continuum between ill-structured and well-structured. For the purposes of this study, ill-
structured tasks will be understood to involve the following three criteria, as described by 
Simon (1978, p. 286): 
1. The criterion that determines whether the goal has been attained is both more complex 
and less definite. 
2. The information needed to solve the problem is not entirely contained in the problem 
instructions, and indeed, the boundaries of the relevant information are themselves very 
vague. 
3. There is no simple ‘legal move generator’ for finding all of the alternative possibilities at 
each step. 
Although Simon’s work was within the field of artificial intelligence and computing, the 
three points described by Simon can be argued to be a summary of the points made by 
Jonassen. For example, the descriptions from Jonassen include points such as, 
vagueness, unknown elements, and unclear goals which are all summarised by Simon’s 
points 1 and 2 above. A simple example of an ill-structured task from a high school 
mathematics course is shown below to highlight these descriptions. 
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Example 1 - The table below compares the number of people in each age group who are 
living on the Sunshine Coast in 1950 to 2001.  
Age No. People in 1950 No. People in 2001 
0-19 1,555 12,209 
20-39 2,246 28,124 
40-59 1,876 32,409 
60+ 1,004 33,506 
 
Example Question. Using at least three types of statistical analyses and/or displays to 
support your conclusion, comment on whether or not the population of the Sunshine Coast 
is ‘becoming older.’ 
Students can utilise a variety of approaches to solve the problem above. Students are 
required to think more deeply about the structure of the question and the notion of the 
‘comment.’ As Jonassen (1997) suggested, there is an unknown element in this question; 
namely the different class widths.  There is no right or wrong way, or no legal move 
generator (Simon, 1978) to answer the question. In this way, student success will be 
dependent on the way they communicate and justify their reasoning about this age bracket 
difference. This reflects Jonassen’s notions of how the learner needs to use personal 
opinion to solve the problem. For example, while it can be argued that the population in 
question is generally getting older, it could also be argued this is because people are living 
longer in 2001 compared to 1950. This means the 60+ age bracket is encompassing a 
wider age range in 2001 compared to 1950 and is therefore the presented data are not a 
true comparison. 
Students’ beliefs about the nature of knowledge have been shown to impact on their 
performance on ill-structured tasks such as the one described above (Lodewyk, 2007). 
More specifically, students who view knowledge as simple, discrete and absolute in its 
nature have been shown to have a significantly lower success rate on ill-structured tasks 
compared to students who viewed knowledge as interrelated and fluid (Lodewyk,  2007). If 
students are continually faced with tasks that require fixed, absolute, unconnected 
knowledge to produce ‘correct’ solutions they will tend to develop a limited view of the 
nature of mathematical knowledge and this may lead to a limited ability to solve ill-
structured tasks. Makar (2007) contrasted the ill-structured task with other closed style 
questions. She suggested that teaching students how to answer ill-structured tasks 
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requires far less focus on the answer and far more time spent teaching students how to 
approach and structure the problem when compared to teaching students how to answer 
closed style problems. 
Exposure to authentic learning experiences that require students to use multiple 
explanations, multiple analogies and multiple pathways to solve a problem has been 
argued to assist students with developing higher levels of cognitive flexibility 
(Frederickson, 1984). Students with high levels of cognitive flexibility are more able to 
transfer knowledge they have learned into unfamiliar situations and adapt this knowledge 
to help solve the problem (Frederickson, 1984; Schunk, 2012). A focus on authentic 
learning also encapsulates the work of Schwab (1959) who urged that reform in teaching 
practice requires rethinking the way we scaffold students in their construction of 
knowledge. He argued that traditional approaches such as rote learning and drill and 
practice are insufficient in developing deep and lasting conceptual knowledge that will 
allow students to capably apply learning to new situations. Literature that focuses on 
inquiry learning in senior secondary school is limited. Other areas of research that have 
similarities with inquiry-based learning will now be explored. 
2.4 Links with Modelling in Senior Secondary School 
Research in mathematics education that reflects the tenants of inquiry-based learning but 
is categorised under different names is also relevant to this current literature review. 
Modelling has many aspects that parallel inquiry-based learning. For example, modelling 
intends to present students with data and requires the learner to explore relationships 
within the data. There is no legal move generator for these processes and often the data 
are messy or inconsistent. Exploring research on modelling was therefore expected to 
provide this study with insights into using data based questions with senior secondary 
students.   
Within mathematics education, researchers such as Schoenfeld (1992), and Stanic and 
Kilpatrick (1988) argued that a focus on problem solving is needed in order to respond to 
the rapidly changing work and social environments of students. Their view included the 
idea that the goal of mathematics education is to equip students with the confidence and 
ability to solve problems, use conjecture and synthesise fields of knowledge rather than 
simply follow standard algorithms or repeat mathematical techniques that are mostly 
learned through repetition (Schoenfeld, 1992). The very broad research base on problem 
solving necessitates a narrowed focus that pertains more directly to the current study.  
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Problem solving research in high school education is evolving into a field known as 
mathematical modelling. Galbraith & Stillman (2006, p. 144) described the processes 
involved in mathematical modelling in Figure 2.1 below. 
 
 
 
 
 
 
 
 
Figure 2.1 Galbraith & Stillman’s (2006) Modelling Process Chart 
The mathematical modelling they described starts with a real-world situation or question 
and culminates in a formal communication such as a report. Lesh, Young and Fennewald 
(2010) agreed that mathematical modelling begins with real-world problems, but they 
specified that the type of real-world problem is quite different to the worded problem type 
found in many textbooks. They made the distinction between students developing a mental 
model of a real life situation and students needing to work systematically to interpret a 
question to develop a mental model that explains a worded problem from a textbook. 
Hojgaard (2010) clarified this point further when he argued that all real life situations that 
require mathematics to make sense could be considered modelling, but he believes the 
term mathematical modelling specifically relates to those situations that have multiple, 
acceptable routes towards conclusion. This relates directly to the concept of an ill-
structured task. 
Explicit links between mathematical modelling and inquiry-based learning are beginning to 
be made. The Promoting inquiry-based learning in mathematics and science education 
across Europe (PRIMAS) group completed research in 12 European countries over a four 
year period. The project was designed to enable the widespread uptake of inquiry-based 
learning in participating countries. Within the mathematics section of this study, the 
A. Messy real 
world 
situation 
B. Real world 
problem 
statement
F. Evaluation
G. Report 
E. Real world 
meaning of 
solution 
C. Maths model 
D. Maths 
solution 
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authors made a number of modelling tasks available to participants. While modelling 
questions could be used as inquiry stimulus, modelling questions do not rely on a messy 
aspect that cannot be solved using algorithmic approaches.  
Galbraith and Stillman’s (2006) research focused on identifying blockages students faced 
when involved in mathematical modelling. While the topic of the beliefs of students was 
outside of the scope of their research project, links between students’ pre-held beliefs and 
blockages in problem solving was postulated. Geiger (2011) argued that the teacher’s 
beliefs also affected the depth of implementation and outcomes of modelling lessons. 
Galbraith and Clatworthy (1990) noted the unexpected impact of completing mathematical 
modelling tasks on student attitudes towards using mathematics in everyday situations.  
2.5 Student Beliefs and Attitudes towards Mathematics 
One of the desired outcomes of reformed mathematical education strategies is the 
improvement of students’ affective position towards mathematics. Affect in mathematics is 
understood to encompass emotions, attitudes and beliefs (Di Martino & Zan, 2014). 
However, emotions are considered short-lived and easily changed and will therefore not 
form a critical part of the final research outcomes for this study. As early as 1916, Binet 
and Simon promoted the importance of affective aspects of the learning process. They 
postulated that affect was a non-cognitive component of classrooms but that developing 
affect was a critical foundation for deep cognitive learning to occur (Binet & Simon, 1916). 
More recently this notion has been challenged to suggest that affect does have links to 
cognitive aspects of learning and cannot be truly separated from it (Chamberlain, 2010; 
Ciompi, 1991; McLeod, 1992).  
Ciompi (1991) argued that a combined affective-cognitive mental schema provides the 
impetus for our actions and thoughts. Beliefs and attitudes can be considered to be 
components of affect, along with anxiety, aspiration, interest, locus of control, self-efficacy, 
self-esteem, and value (Chamberlain 2010). Beliefs are widely regarded by researchers as 
sets of beliefs, networks of beliefs or systems of beliefs (Ambrose, 2004; Fardin, Hassan & 
Radmehr, 2011; Goldin, Rosker & Torner 2009; McLeod, 1992; Schloglmann, 2001; Taylor 
2009; Zalska, 2012). 
Beliefs can be regarded as the lens or filter through which we experience the world 
(Pajaers, 1992). In this view, when we observe or interact with the world we use our beliefs 
to interpret what we are seeing. This filtering affect explains why beliefs are considered 
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relatively stable and difficult to deliberately alter (Goodykoontz, 2008). Novel situations are 
generally subsumed into our existing beliefs (Ambrose, 2004). If a novel experience 
cannot be reshaped to fit with our beliefs then it is often rejected. Within the mathematics 
classroom students use their beliefs about mathematics and learning mathematics to 
understand new experiences. Students’ beliefs about mathematics are constructed 
through the accumulation of their schooling experiences. 
For the purposes of this study, beliefs are described as the understanding and feelings of 
an individual. Beliefs are difficult to directly observe as they are mental constructs and 
must therefore be inferred through observations of what students say and do (Pajares, 
1992). Beliefs can be considered to originate from two sources; beliefs based on 
experience and beliefs based on a culturally inherited construct (Ambrose, 2004; Dewey, 
1953; Pajares, 1992). Generally experiences used to construct beliefs are associated with 
a deep emotional experience (Pajares, 1992). While it can be argued that beliefs based on 
experience rely on reiterative experiences, beliefs have been argued to trace back to a 
single event that is simply reinforced or perceived to be reinforced (Skott, 2014). 
Prior negative or positive emotional experiences are considered to shape the way students 
approach learning (Di Martino & Zan, 2014).  This implies that the way students behave in 
a classroom is shaped by their past experiences with learning mathematics and students’ 
beliefs towards mathematics can be inferred from this behaviour. Culturally inherited 
beliefs are developed in individuals from their own observations and through social 
interactions (Bandura, 1986). Individuals are thought to be unaware of these types of 
beliefs and they have most likely never considered them in any meaningful way (Ambrose, 
2004; McLeod, 1992). Within the mathematics classroom, these beliefs can be adopted 
from the way students are taught and the types of questions they experience. For 
example, if students are repeatedly exposed to short tasks that take less than one or two 
minutes to solve, they may believe that mathematics questions should be able to be 
solved quickly. So while they have never overtly considered this belief, their tacit belief 
may be challenged when faced with a mathematical task that takes longer than two 
minutes to solve. 
Attitudes towards mathematics are understood for this study to be a pattern of beliefs or 
emotions associated with mathematics (Di Martino & Zan, 2014). Attitudes can be 
considered as a subset of beliefs (Pajares, 1992) and therefore beliefs and attitudes 
interrelate and shape each other. Students’ beliefs align to form an attitude towards 
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mathematics and this is often described as being either positive or negative. The way 
attitude displays in a classroom may not be consistent with a student’s beliefs (De Corte et 
al., 2008; Pajares, 1992). Despite this, a range of specific tools exist to measure attitude 
towards mathematics but many these have been rejected as too simplistic in their concept 
of what constitutes an attitude (Di Martino & Zan, 2014). Ward et al. (2010) designed a 
survey to investigate students’ beliefs and attitudes towards mathematics and one 
subscale was called attitude.  
Emotions can shape beliefs and are therefore an important consideration for this study. 
Emotions are understood as short lived responses to situations. Emotions towards 
mathematics can include task enjoyment, anxiety, frustration, pride, shame and 
hopelessness (Frenzel, Pekrun, & Goetz, 2007). Despite having a cognitive aspect, 
emotions are considered to be relatively unstable and easily influenced (Ambrose, 2004; 
Di Martino & Zan, 2011, Frenzel et al., 2007; Pajares, 1992). Therefore different emotions 
can be experienced during the same learning sequence in a mathematics classroom. 
While measuring emotions is possible (see Frenzel et al., 2007) it is seen to be outside of 
the scope of this study. 
The need for research into the affective aspects of mathematics has been highlighted by a 
number of researchers (Leder, Pehkonen, & Törner 2002; McLeod, 1992; Schuck & 
Grootenboer, 2004).  McLeod’s (1992) work encapsulated many of the day to day 
experiences of teachers who have difficulty teaching mathematics to students who were 
uninterested and unmotivated. McLeod (1992, p. 578) described these affective factors as 
beliefs, attitudes and emotions and Table 2.1 below summarises the way they relate to 
each other.  
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Table 2.1 
The Affective Domain in Mathematics Education Category Examples 
Category Examples 
Beliefs About mathematics  Mathematics is based on rules. 
 About self I am able to solve problems. 
 About mathematics teaching Teaching is telling. 
 About the social context Learning is competitive. 
Attitudes  Dislike of geometric proof. 
  Enjoyment of problem solving 
  Preference for discovery learning. 
Emotions  Joy (or frustration) in solving. 
 
As can be seen in Table 2.1, McLeod highlighted that students hold beliefs about how 
mathematics should be taught. This could present particular challenges for implementing 
inquiry-based learning style teaching into mathematics classrooms that are not familiar 
with using this technique. Students’ views of how mathematics will or should be taught are 
linked with their beliefs about the nature of mathematics (Leatham, 2002). The way 
students’ beliefs affect their view of how mathematics should be taught has been 
elaborated and is summarised in Table 2.2 below. 
Table 2.2 
Ernest’s three philosophies of mathematics (Leatham, 2002) 
                            Instrumentalist Platonist  Problem solving  
Nature of 
mathematics 
 
An accumulation of 
facts, rules, and 
skills 
 
A static but unified body 
of certain knowledge 
 
A dynamic continually 
expanding field of 
human creation and 
invention 
Teacher’s role  Instructor  Explainer  Facilitator  
Intended 
outcome  
Skills mastery with 
correct 
performance  
Conceptual 
understanding with 
unified knowledge  
Confident problem 
posing and solving  
Use of 
curricular 
materials  
Strict adherence to 
a text or scheme  
Modification of the 
textbook approach, 
enriched with additional 
problems and activities  
Teacher, student, or 
school construction of 
the mathematics 
curriculum  
 
Empirical studies that focus on how specific teaching and learning techniques positively 
impact students’ beliefs in mathematics are rare. Some studies have shown positive 
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impact on beliefs and attitudes from studying mathematics in a non-traditional, problem 
centred, collaborative classroom (Boaler et. al, 2005; Taylor, 2009).  Maass (2010) 
conducted empirical research into the beliefs that students hold before and after being 
exposed to mathematical modelling and the impact those beliefs had on their performance 
on mathematical modelling tasks. As this closely resembles the study conducted herein, 
this specific research will be explored to investigate methodological and epistemological 
approaches. 
The modelling tasks Maass selected for use were designed to inspire the 13 year old 
participants to better appreciate the relevance of mathematics and improve their ability to 
see the links to mathematics in the everyday world. Maass (2010, p. 410) defined the 
concept of students’ mathematical beliefs as, “Mathematical beliefs consist of relatively 
long lasting subjective knowledge, as well as of the related attitudes and emotions, about 
mathematics and mathematics education. Beliefs can be conscious or unconscious.” The 
main distinction being made here was that beliefs are different from objective knowledge of 
a topic and that they affect emotions and attitudes towards that topic. 
Maass (2010) further defined these beliefs as being framed within one or more of three 
components: seeing mathematics as processes, applications and/or schemes. The 
schematic belief of mathematics defined by Maass related directly to rules and formulas 
and could be considered the more traditional notion of mathematics. ‘Application’ in 
Maass’ view incorporated links to society and the world more broadly and her term 
‘processes’ related to the constructivist view of learning. Using this framework as a 
reference, the body of literature reviewed up to this point would suggest that using inquiry 
learning, ill-structured tasks and modelling type questions may move students’ beliefs from 
a schematic understanding of mathematics to believing that mathematics is about 
applications and processes (Jaworski, 2010; Maass, 2010; Skemp, 1976).  
Maass (2010) studied two parallel groups of students over a 15 month period. Classes 
were altered to include the modelling concepts as part of the normal routine. Maass (2010) 
makes mention of using group work as a strategy but does not detail how the groups were 
formed within the classes. Maass also lists some of the ‘open-ended’ modelling questions 
which could be argued to be less open-ended than ill-structured tasks. The three questions 
she lists as being indicative of the open-ended modelling questions used by the classes 
were;  
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  1. How big is the surface area of a Porsche 911? (Duration 3 lessons) 
  2. How many people are in a traffic jam of 25 km? (Duration 3 lessons) 
  3. To what extent can the service water in Stuttgart get warmed by solar panels on the 
roofs? (Duration 8 lessons).     (Maass, 2010, p. 411) 
Maass (2010) goes on to say that the methodology used was based on the idea of 
openness, “Since hardly anything was known about the consequences of modelling 
lessons” (p. 412). Her analysis was based on Grounded Theory principles and her data 
collection tools included questionnaires, interviews and diary entries from students. 
Results from the study suggested the notion that students’ mathematical beliefs were 
framed around processes, applications and schemes. Maass (2010) results also identified 
a number of other beliefs students have about particular aspects of mathematics. These 
particular aspects of mathematics learning that students held firm beliefs about are 
summarised below. 
 The length of units of work 
 The importance of words in mathematics 
 Difficulty level faced for an individual 
 Importance of mathematics to their school outcomes 
 Teaching methods that are appropriate 
 Atmosphere in mathematics classes 
 Understanding of the concepts 
(p. 413) 
Results showed that approximately 50% of the 35 students involved in the study had 
deeper beliefs about mathematics being an application they could use in society when 
compared to before they began the study (Maass, 2010). The other 50% of students’ 
beliefs remained roughly the same. The way we learn mathematics and the types of 
questions we encounter may therefore impact our beliefs about mathematics. Maass 
urged for more research to occur in this field and suggested modelling should be 
implemented from a very young age in schools to assist with broadening students’ beliefs 
in relation to the usefulness of mathematics. Although the results are encouraging, causal 
links for her study are very difficult to establish. It is possible that the 50% of students 
mentioned as having a deeper appreciation of the applicability of mathematics may have 
25 
 
done so without the use of modelling type questions. It is also not made clear if the 
teachers involved in the study were deliberately trying to change the beliefs of individuals.  
For the purposes of this study beliefs are understood as being attached to some object, 
subjective, specific to each person and meshed with attitudes, values and emotions 
(Goldin et al., 2009; Grootenboer, 2003; Maass, 2010; McLeod, 1992). As mentioned 
previously, students’ beliefs and attitudes are argued to be engaged when solving 
problems in mathematics. Goldin et al. (2009) observed students solving problems and 
suggested that different beliefs were noticeable at different stages throughout the problem 
solving process. Knowing which beliefs a student has could be beneficial to a teacher who 
is individualising instruction for his/her pupils, especially in regard to problem solving.  If 
students’ beliefs were categorised and mapped to different approaches towards problem 
solving, then educators would be able to use this to predict the decisions or pathways 
students might choose when in problem solving situations (Goldin et al., 2009).  
The concept of mapping beliefs to aspects of a mathematical task links to a central 
concept for this study in relation to deliberately attempting to alter students’ beliefs. Beliefs 
are considered by some researchers to be extremely difficult to change and will only 
change when new information causes a deep conflict with their current beliefs (Di Martino 
& Zan, 2014; Goldin et al, 2009; Goodykoontz, 2008; Pajares 1992). Students tend to 
reject, assimilate or compartmentalise conflicting information rather than change their 
beliefs. The idea that beliefs are difficult to change and that changing them generally 
requires conflict, corresponds with Dewey’s (1915) notion that doubt is an essential 
starting point for thinking and learning. Inquiry-based learning may therefore have an 
impact on student beliefs because in an inquiry environment the students are themselves 
seeking to resolve doubt and conflict and it could be expected they will be more open to 
change. However, simply exposing students to mathematical problem solving in an 
attempt to change their beliefs about the nature of mathematics may not be successful 
unless the types of problems require metacognitive self-reflection that causes the student 
to doubt their naïve belief system.   
2.6 Exploring Ways to Impact Student Beliefs and Attitudes towards 
Mathematics 
Section 2.5 focused on understanding the nature of beliefs and attitudes. This section 
focuses on approaches to deliberately affecting students’ beliefs towards mathematics. 
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Summarising section 2.5, students’ beliefs and attitudes towards mathematics are shaped 
by (a) conflicts or challenges to currently held belief systems, (b) asking students to reflect 
on covert belief systems, (c) through social observations, and (d) past emotional 
experiences. Each of these aspects will now be elaborated. 
Firstly, if students are exposed to atypical experiences in mathematics that may be able to 
cause a conflict within their belief systems, then this may cause them to question their 
beliefs. At this point, students can either reject the atypical experience or broaden their 
existing belief systems to incorporate the new experience (Ambrose, 2004). Repeating the 
atypical learning experience may assist with overcoming the tendency for students to 
reject the experience rather than broaden their belief system as they may see the benefit 
in altering their existing beliefs systems to accommodate a frequently occurring challenge 
(Bandura, 1977). Secondly, if students are cognitively unaware of their belief that all 
questions in mathematics have one correct answer, then asking them to reflect on this and 
then exposing them to questions that do not have this form could create a shift in these 
covert belief systems (Pajares, 1992). Thirdly, if students can learn through social 
interaction and observations (Bandura, 1977), then exposing students to mathematical 
learning that relies on social interactions and group work may expose students to different 
belief systems. Exposing students to different belief systems in mathematics may in turn 
assist with broadening their own beliefs systems. Ill-structured tasks presented in an 
inquiry learning environment in mathematics may be used to encourage students to 
interact socially to construct answers to mathematics. The fourth method that may 
appropriate change in students’ beliefs and attitudes would be to allow for students to 
engage in mathematical learning experiences that are emotionally charged (Ambrose, 
2004; Pajares, 1992). If students have positive emotional experiences in mathematics then 
this may cause a shift in beliefs that were based on previous negative emotions towards 
mathematics.  
In this study, students’ beliefs were categorised as being on a continuum from naïve to 
sophisticated. Muis et al. (2011) utilised a four dimensional framework to examine student 
beliefs in four areas: certainty/simplicity, justification of beliefs, source of knowledge and 
the attainability of truth. To elaborate on this continuum, the following table (Table 2.3) is 
used to describe these relationships. 
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Table 2.3 
Belief and possible naive interpretations. 
Belief Domain Naive interpretation 
certainty/simplicity mathematics does not change over time and that there is 
only one correct solution 
justification of beliefs expert opinion outweighs personal experience or knowledge 
source of knowledge knowledge is fixed and external to them as a person or 
society in general 
attainability of truth eventually every question has an answer 
(Muis et al., 2011, p. 3) 
Muis et al. (2011) carried out research with 58 university students and focused on three 
aspects of students’ beliefs in statistics education: (a) do students’ beliefs vary depending 
on how the course is delivered, (b) does their belief about statistics outside of school differ 
from their beliefs within the statistics course environment and (c) whether or not their 
beliefs were an accurate predictor of achievement on assessment (Muis et al., 2011, p. 4). 
The research revealed two salient points of consideration for the present study. Muis et al. 
noted that the beliefs students engaged were content specific and they argued that 
research exploring student beliefs in regard to mathematics cannot be removed from the 
particular content they are studying (2011, p. 11). For example, students may have a 
different self-efficacy in regard to learning mathematics compared to learning science. 
Results also showed that student beliefs were different depending on how the course 
content was contextualised and taught. Student beliefs were not shown to be an accurate 
predictor of achievement. Muis et al. (2011) explained that their research was one of the 
first to explore the notion of student beliefs in regard to assessment practices and how 
altering the content can affect the belief systems students employ. The researchers urged 
for further research in this field.  
While Muis et al.’s study suggested that beliefs impact both student learning and 
orientation to mathematics tasks, the research does not suggest specific strategies 
educators can implement in an attempt to improve student attitudes towards learning 
mathematics. Taylor (2009) has researched some more specific ways of targeting specific 
beliefs of students towards mathematics. Her research was inspired by a study from 
Boaler et al., (2005) which revealed that student beliefs towards the learning of 
mathematics can be impacted in as little as five weeks. Taylor’s (2009) participants were 
low performing Year 6 and 7 students who were enrolled in a summer holidays 
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mathematics course. Rather than simply creating an inquiry style learning environment 
and measuring if student beliefs changed, Taylor (2009) deliberately integrated strategies 
aimed at improving students’ beliefs towards mathematics. This could be defined as 
having similarities with a design-experiment approach to creating the desired learning style 
(Cobb et al., 2003). Some of the strategies included debriefing final answers to tasks and 
ensuring that these debriefs focused on the justification of answers rather than mentioning 
correct or incorrect solutions, providing frequent qualitative feedback aimed at improving 
student perseverance towards tasks, providing final summative grades in pass/fail form, 
basing the grades on student participation in the tasks and in whole group discussions, 
and on individualised responses in the students’ diary entries (Taylor, 2009).  
Four of the six types of beliefs observed in Taylor’s research showed significant 
improvement on a standardised questionnaire. An accumulated result also showed 
significant improvement in students’ beliefs towards mathematics. Taylor (2009) noted that 
causal links were not able to be established between the improved results on the post-test 
questionnaire, but suggested that future research of this type was warranted based on her 
results. The survey Taylor (2009) used to measure the students’ beliefs and attitudes was 
called the Indiana Mathematical Belief Scales (IMBS).  
While few reported research projects have outlined specific ways of improving students’ 
beliefs and attitudes towards mathematics, a number of factors that affect beliefs have 
been described by mathematics researchers (De Corte, Verschaffel & Depaepe, 2008; 
Goodykoontz, 2008; Wilkins & Ma, 2003). Understanding factors that affect beliefs may 
point towards some specific measures that can be used to positively influence students in 
the classroom. Wilkins and Ma (2003) reviewed longitudinal data from middle school 
students from 1987 to 1992. The data set was comprehensive enough to allow the 
researchers to make compelling inferences about the changes in students’ attitudes and 
beliefs towards mathematics. The results from their study revealed the factors that had 
significant influence on improving attitudes and beliefs included perceived encouragement 
from teachers, exposure to new and challenging concepts and topics within mathematics, 
and the influence of their peers and parents (Wilkins & Ma, 2003). 
Goodykoonyz’s (2008) work looked specifically at factors that affected students’ beliefs 
and attitudes in mathematics. Her conception of the way the factors interrelate is outlined 
below in Figure 2.2. 
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Figure 2.2 Relationship between the factors that affect beliefs and attitudes towards 
learning (Goodykoontz, 2008). 
Goodykoontz’s (2008) work suggested that to deliberately impact on students’ internal 
factors (beliefs and attitudes), it would be necessary to influence the external factors 
described in this diagram above. Having a positive impact on students’ beliefs and 
attitudes towards learning would require a differentiated approach specific for each 
individual as students will likely hold individualised beliefs based on their past experiences. 
This leads to the conclusion that it may be more effective to target specific beliefs in the 
hope of bringing about change through alternative pedagogies. 
Studies which investigate the impact of inquiry-based learning on students’ beliefs and 
attitudes towards mathematics are few. Ward et. al. (2010) created a survey called the 
Mathematics Appreciation Survey (MAS) which allowed assessment of the progress of 
beliefs and attitudes of students while studying a mathematical inquiry subject at 
university. While their version of inquiry differed from the style of inquiry utilised for this 
study, the intent was to expose students to an alternative style of learning mathematics 
and assess whether or not the students’ beliefs and attitudes were affected. Their study 
consisted of 72 first year university students who were completing a mathematics course 
that was considered to be of medium difficulty level. Results indicated significant shifts in 
students’ beliefs and attitudes in the subscale measures of usefulness, creativity and 
attitude.  
Internal Factors 
Individual 
Perceptions & 
Characteristics 
                                                             External Factors 
 
Teaching 
characteristics 
 
Classroom 
characteristics
 
Teacher 
characteristics 
Assessments 
and 
Achievements 
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Beliefs and attitudes are considered to be observable through students’ actions in the 
classroom (Mansour, 2013; Pajares, 1992). For example, students who believe that they 
are not good at solving problems might display an approach that demonstrates this belief, 
such as not making an initial attempt for fear of being incorrect or unable to progress. 
While this may be a clear sign of the students’ self-efficacy towards mathematics, it is an 
inference of their behaviour (Pajares, 1992) and must be reported accordingly. Another 
method to observe the beliefs described above is through students’ self-reporting on 
surveys and questionnaires. While this seems a logical method for observing the beliefs of 
individuals it is not always reliable (Ambrose, 2004; Muis et. al., 2011; Pajares, 1992). 
Some empirical research has shown that people’s behaviour in mathematics does not 
correspond with their self-reported beliefs (Handel, 2003; Mansour, 2013).  
2.7 Purpose and Direction for Research 
Within mathematics education research, there has been an increased interest in inquiry-
based mathematics and the possible positive outcomes it can have for students (Fielding-
Wells, Dole & Makar, 2014; Jaworski, 2008; Makar, 2012). One of the positive outcomes 
purported is an improvement in students’ beliefs and attitudes towards learning 
mathematics and their motivation to understand the concepts in more depth. As yet there 
appears little investigation into the specific beliefs and attitudes that are affected from 
learning mathematics through an inquiry learning environment and also how or when those 
impacts have taken place. In addition, the experiential nature of beliefs towards 
mathematics suggests that older students’ beliefs may be less open to change. Previous 
experiences of learning mathematics over a ten year period will not be easily changed 
when they are in their senior years of high school. Reinforcement of the inquiry learning 
environment may assist with older students assimilating new experiences into their 
existing belief sets. 
Inquiry learning environments are different to traditional mathematics classrooms. How to 
best develop an inquiry learning environment in mathematics therefore presents a 
challenge. The use of ill-structured tasks has been shown to generate the necessary 
conflict and doubt to initiate whole group discussion and lead into inquiry style learning 
(Makar, 2012).  This is encouraging and suggests further research. Within the research on 
beliefs and attitudes in mathematics, there appears limited empirical review of which 
beliefs and attitudes can be affected by learning through inquiry learning. While a range of 
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survey tools exist, they do not assist with explaining how and when these beliefs and 
attitudes are affected and which processes may have greater impact.  
The research proposed here is therefore intended to address the following guiding 
questions: 
 How does the use of ill-structured tasks contribute to the development of an inquiry-
based learning environment in mathematics? 
 Do students who practice ill-structured tasks perform better on future ill-structured 
tasks? 
 Which beliefs and attitudes does inquiry learning influence (if any)? 
 
This ultimately leads to the goal of this research; to address the following question: 
 How does creating an inquiry-based learning environment in mathematics influence 
student beliefs and attitudes about mathematics? 
Educators seeking to improve the mathematical experience for students need specific 
examples of how students’ beliefs and attitudes can be affected or improved. This study is 
therefore important as it intends to provide educators with suggestions for learning 
experiences that contribute positively to improved affective aspects of the mathematics 
classroom. 
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Chapter 3 
Theoretical Framework 
3.1 Introduction 
The research question central to this study is ‘How does creating an inquiry-based learning 
environment in mathematics influence students’ beliefs and attitudes about mathematics?’ 
The purpose of this chapter is to make explicit the researcher’s theoretical perspectives 
surrounding the concepts embedded in the research question. The theoretical framework 
used for this study draws from a number of theorists including Dewey (1902, 1915, 1938), 
Bandura (1977, 1986) and McLeod (1992). Dewey provides the study with a conceptual 
background for inquiry and frames these concepts within a social constructivist 
perspective. Bandura’s work on Social Cognitive Theory is utilised as a way of 
understanding how we learn in social situations such as a classroom and has similarities 
with Dewey’s notions of learning. McLeod’s ideas form the basis of how this study viewed 
beliefs and attitudes found in the mathematics classroom. Work from other researchers 
that have extended or refined the thinking from these three core theorists have also been 
discussed. 
3.2 Inquiry as a Way to Learn 
In 1902, Dewey argued for making educational curriculum connected to the interests and 
experiences of the child, rather than keeping a rigid curriculum that focuses solely on the 
facts within a particular field of knowledge. He reasoned that using this inquiry 
methodology would act as a way of developing intrinsic interest in the student towards the 
subject matter at hand. Allowing students to develop intrinsic interest in a topic was 
expected to encourage the learner to seek knowledge, rather than absorb it as a matter of 
necessity. Dewey argued that all learning is an extension of life experience, or real-world 
experiences (1938). If education is considered as aiming to provide students with life 
experience, then this should guide the learning activities and experiences that reflect real-
world situations and encourage students to experimentally manipulate materials that allow 
for the construction of meaning. Real-world questions in mathematics are intentionally 
linked with students’ everyday lives. 
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Dewey (1938, p. 155) argued that one of the preconditions for inquiry is that of doubt. 
Without doubt, Dewey argues that there is no reason for someone to actively think or 
investigate what they are studying. In order to clarify his views, Dewey (1938, p. 104) 
suggested that the process of inquiry involves stages that the learner progresses through 
in order to solve a task. These stages are summarised in Table 3.1 below. 
Table 3.1 
Stages of cognition in an inquiry learning environment (Dewey, 1938). 
Stage Learners Cognitive Situation 
Creation of doubt 
from real-world 
problem 
Doubt at the elements in the task.  
Task interpretation The pathway for solution is either unclear or there are 
multiple possible pathways. Pathways for solution are 
discussed and decided upon. 
Hypothesis Conjecture occurs about the possible outcomes. 
Review The pathways that were chosen are reviewed and 
redirection occurs to ensure the solution is relevant and 
applicable. 
Application to real-
world 
The hypothesis is tested and applied to the real-world 
situation.  
 
The first stage of learning identified by Dewey (1938) indicated that a cognitive 
disequilibrium must occur to ensure the learner is seeking to resolve a mental conflict. 
Using mathematical tasks that have a clear, unambiguous solution do not require the 
learner’s mind to access memory of related, real-world experiences. Other research also 
suggested that structured, unchallenging learning is not readily transferred to another 
situation (Wong & Pugh, 2001). Students therefore need to be presented with challenges, 
rather than questions testing knowledge retention, so they will be motivated to interrogate 
the subject matter and then seek a way to communicate their understanding of the 
situation or concept. Real-world problems in mathematics are an example of a problem 
type that supports the inquiry process. Real-world problems are often messy, unclear or 
contain discrepancies (Simon, 1978; Wong & Pugh, 2001). Real-world problems can have 
multiple pathways and multiple solutions. One type of real-world problem used in 
mathematics classrooms with some success are Ill-structured tasks (Fielding-Wells, Dole, 
& Makar, 2014; Spector, 2006). Ill-structured tasks were introduced in section 2.3.  
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Drawing from Dewey’s idea that doubt is a catalyst for thinking and inquiring, Schwab 
(1974) reiterated Dewey’s arguments about connecting educational experiences to real-
world problems. He suggested that schools need to focus on ensuring students experience 
real-world problems as part of the ‘normal’ curriculum. In Schwab’s definition, real-world 
problems generally do not have a clear answer, are not always solvable by reductionist 
approaches and usually require knowledge from a wide range of subject areas (Schwab, 
1974). Schwab was also careful to point out the integral role communication plays in the 
solution to real-world problems. He noted that students needed to be given adequate time 
to record their communication and suggested schools devote one third of their time to 
these real-world problems.  
Schwab (1959) pointed out the difficult role of the teacher in the pedagogical environment 
of inquiry as described by Dewey. Schwab (1974) argued that practical aspects associated 
with an education based on life experience suggested that teachers would rarely be in the 
classroom and would only be able to work with small groups of students at any one time. 
Schwab (1974) reasoned that simulated experiences within the classroom can still offer 
the learner this inquiry process and also make the role of the teacher more manageable.  
Not all theorists accepted Dewey’s (1938) understanding of the learning process. Miller 
(1958) claimed that student knowledge and understanding may be so far below the adult 
or expert understanding in the field, that no amount of inquiry or scaffolding will bring them 
to meaningful learning unless they are explicitly told or shown. The need for an expert to 
directly contribute key information, understanding, viewpoint or knowledge has also been 
reiterated in more recent research that investigated learning processes in inquiry 
environments (Kirschner et al., 2010). 
Given the teacher is the expert in the classroom, the way the teacher implements inquiry-
based learning is therefore critical to its success. The student centred nature of inquiry-
based learning does imply that implementation in classrooms is not expected to be 
uniform. The lack of uniformity has contributed to a lack of consistency in methods to 
implement and accurately measure the effectiveness of inquiry-based learning 
environments (Marshall, Smart & Horton, 2009; Spector, 2006).  However, a range of 
recent studies in inquiry-based learning in mathematics classrooms that focused on using 
ill-structured tasks, both as a basis for learning and as a way of assessing student growth 
in learning (Fry & Makar, 2012; Ge & Land, 2001; Lodewyk, 2007; Spector, 2006), have 
provided some consistency of approach for working with inquiry methods. 
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3.3 Learning from Others 
Dewey acknowledged the role of peer to peer learning, especially during the application 
stage (see Table 3.1). Bandura’s theories focused more closely on the role of other people 
in learning and he argued that students can learn through observing others as well (1977). 
Bandura’s (1986) Social Cognitive Theory highlighted the links between an individual’s 
personal factors, their behaviour and the environment in which they were learning. The 
links between these three factors were described as dynamic and triadic (Bandura, 1986). 
Bandura’s research was different to behaviourist theories as it acknowledged the ways in 
which individuals can learn from other people and he gave examples such as 
communicating and making sense of others’ explanation, the presence of mutual 
feedback, gaining an understanding of other people’s point of view and generally 
influencing each other (Bandura, 1986, p. 129). Bandura (1986, p. 77) noted that 
observational learning can be reinforced through iterations. 
Some research that used Bandura’s (1986) Social Cognitive Theory as a theoretical lens 
suggested that positive internal feelings develop from quality interactions with other people 
in the classroom, especially their teacher (Scales, Bensen, Roehlkepartain, Sesma & van 
Dulmen, 2006). Reflexively it can be argued that a traditional classroom where the teacher 
does little other than deliver curriculum may not engender positive attitudes, beliefs or 
dispositions towards the learning of that particular subject. Within the inquiry classroom 
there is an expectation that students will work together to solve complex, multi-step 
problems (Makar, 2012).  Collaboration can be argued to encourage students to learn from 
other students and creates a change to the role of the teacher. If learning is collaborative 
within the room then the teacher is expected to be both an expert and a learner. The role 
of the teacher as both expert and learner aligns with Schwab’s (1959) and Dewey’s (1938) 
view that an inquiry classroom requires the teacher to develop a sense of inquiry to 
everything that they explore with the students. Observations within the inquiry classroom 
viewed the teacher as a collaborator and expert rather than the primary source of 
mathematical truth. 
Arguments against the perspective of a Social Cognitive Theory suggested that Bandura’s 
theories did not incorporate individual, physical aspects such as biology of the student into 
the framework. Some researchers have argued that observing and working with others in 
the classroom may bring about learning for some but not all students (Baxter et al., 2001; 
Booth, Owen, Bauman, Clavisi, & Leslie, 2000). Aspects such as learning difficulties and 
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physical impairments may alter the learning process. Other arguments against the Social 
Cognitive Theory of learning suggested that it did not adequately explain the higher level 
skills and processes students demonstrate in learning. For example, some higher level 
skills like reflection may not be readily observable by the students. Therefore Bandura’s 
theories are argued not to adequately explain how students have acquired these skills or 
abilities (Schunk, 2012). 
According to Bandura’s (1986) theory, students’ beliefs and attitudes are also socially 
constructed and can therefore be influenced through classroom interactions. Deliberately 
exposing and challenging students’ beliefs and attitudes during mathematical learning may 
therefore instigate situations for change to occur. Reinforcement to any challenge of 
beliefs would be beneficial as existing beliefs that students hold are thought to have the 
capacity to negate the new learning experiences (Bandura, 1986, p. 129). If students were 
only exposed on a single occasion to a challenge to their beliefs about mathematics, they 
may consider it an anomaly and disregard it in order to retain their original beliefs and 
attitudes about mathematics. An example of this would be that if a student who considers 
themselves to be very weak at mathematics does well on one assessment item, they may 
not change their self-belief that they are weak at mathematics unless a reinforcement of 
the experience occurs.  
Bandura (1986) argued that a student’s self-perception of their ability in a subject like 
mathematics is not stagnant and relies on a variety of contributing factors that interplay, 
such as emotions, motivations, attitudes and beliefs. Bandura used the term self-efficacy 
to describe the self-perception of individuals.  Self-belief or self-efficacy has been argued 
by other researchers to affect the way students behave in the classroom. Collins’ (1982) 
research showed that students with high self-efficacy were quicker to discard faulty 
processes, solved more problems, were more likely to rework problems they considered 
faulty, were more accurate and displayed more positive attitudes towards mathematics. 
Experiences that build students self-efficacy in mathematics may therefore lead to more 
positive attitudes towards mathematics.  
Bandura’s (1986) theories and ideas have been reiterated and extrapolated in 
Goodykoontz’s (2008) work that looked specifically for aspects that affected students’ 
attitudes towards learning mathematics. Her research (p. 100) suggested there were five 
distinct areas of influence on students’ beliefs and attitudes towards learning mathematics. 
These are (1) Teaching characteristics (2) Teacher characteristics (3) Classroom 
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characteristics (4) Assessments and achievements and (5) Individual perceptions, beliefs 
and values.  
Goodykoontz used these five ‘factors’ as outlined in Table 3.2 below to categorise and 
describe specific aspects which had a positive impact on students’ affective position in 
regards to their learning. 
Table 3.2 
Aspects of learning reported to positively impact affect (Goodykoontz, 2008). 
Teaching 
characteristics 
 
Teacher 
characteristics  
 
Classroom 
characteristics  
 
Assessments 
and 
achievements
Individual 
perceptions, 
beliefs and values 
 Explains 
concepts 
carefully 
 Use multiple 
representations 
 Uses verbal 
and visual 
explanations 
for most 
aspects 
 Allows 
classroom 
collaboration 
 
 Patient 
 Devoted 
 Supportive 
 Able to have 
relaxed 
interactions 
 
 Smaller class 
population 
 Relaxed 
environment, 
able to ask 
questions and 
discuss freely 
 Have change of 
routine 
activities 
 More 
interactive 
environment 
 
 Success 
breeds 
success – 
effort should 
equal 
outcome 
 More low 
risk practice 
and 
feedback 
 
 Students 
background 
 Perceived 
usefulness of 
learning matter 
 Motivation to 
solve problems 
 
 
An inquiry learning environment was expected to promote a number of these aspects 
including allowing for classroom collaboration, developing a more interactive environment 
and improvements in the perceived usefulness of subject matter (De Corte, Verschaffel & 
Depaepe, 2008).  To understand how the researcher will identify and categorise beliefs 
and attitudes within the observed class requires a more specific investigation of the types 
of beliefs and attitudes mathematics students possess. The following section elaborates 
on beliefs and attitudes that may be found in the mathematics classroom.  
3.4 Cognitive Conceptualisations of Beliefs 
Dewey and Bandura’s work was rooted in the early to middle 20th century. A growing field 
of research in learning theories has since built upon this foundational work and has 
developed into an area called cognitive theory or cognitive learning processes (Schunk, 
2012). Cognitive theories differ from social cognitive theories as they focus on the way 
individuals construct knowledge or beliefs from their experiences rather than through their 
social interactions or environment. Cognitive learning processes theory argues that 
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competence in a discipline such as mathematics requires a knowledge of the 
mathematical facts, understanding of the concepts, and ability to use appropriate 
strategies to transfer and apply knowledge (Schunk, 2012). Within this theoretical 
framework, observations are made in an attempt to reveal the beliefs and thought 
processes of the learner (Schunk, 2012). McLeod (1992) considered that affective 
dimensions of classroom learning were cognitive constructs. In McLeod’s (1992) 
perspective, a student arrives at learning mathematics with a series of mental schemas. 
These mental schemas are considered to contain a range of beliefs and attitudes towards 
the subject which assist with the formulation of plans for solving the activities or problems. 
Emotion might be felt when one of these plans is frustrated and the learner needs to re-
evaluate their plan. After repeated attempts at an activity, the learner may consider 
changing their mental schema to achieve success for a plan.  
The way these emotions exhibited was described by McLeod (1992) as involving a 
physiological display; raised heartbeat and tensed muscles. This would suggest that 
students who hit an impasse in their mathematics work will exhibit some form of visible 
response that could be interpreted through body language or verbal signs of frustration. A 
physiological display was argued to be more evident when the students were involved in 
novel work (McLeod, 1992, p. 578). McLeod’s observations of classroom led him to 
propose some categories of beliefs, attitudes and emotions that students bring to 
mathematics classrooms, as discussed in Table 2.1.  
One of the assumptions of this study was that if students’ beliefs can be influenced to 
become more sophisticated in regards to learning mathematics, then their attitudes and 
emotions towards mathematics are also likely to change to become more sophisticated. 
This assumption is illustrated in Figure 3.1 below by extracting aspects of Table 2.1. 
 Belief – I am able to solve problems 
 Attitude – Enjoyment of problem solving 
 Emotion – Joy in solving 
Figure 3.1 An example of the impacts of beliefs on attitudes and emotions. 
It could be argued that the reverse is also true; emotions will impact on attitudes which will 
in turn impact on beliefs (Ambrose, 2004). So ensuring students have positive experiences 
with mathematics can be argued to elicit positive emotions and may therefore impact their 
attitudes and beliefs. Figure 3.2 below describes the way beliefs interplay with values, 
attitudes and emotions or feelings (Grootenboer, 2003). The model includes the levels of 
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cognition, stability, affect and intensity of four key aspects of affect in learners. It is also 
designed to indicate the reflexive nature of these domain aspects. As an example to 
indicate the thinking behind this model, emotions are considered to have high levels of 
intensity but low levels of cognitive structure. Therefore while emotions contribute strongly 
to the overall affective position of an individual, they could be argued to be easily altered 
due to the low level of cognitive input the individual has to arrive at those emotions. 
 
 
 
 
 
 
Increased cognition and stability,        Increased affectivity and intensity 
decreased affectivity and intensity                 decreased cognition and stability 
 
Figure 3.2 A model of conceptions of the affective domain (Grootenboer, 2003) 
The model above suggests that beliefs are considered relatively stable and involving high 
levels of cognition by the person who holds them. As previously discussed, some beliefs 
are considered to be consciously held beliefs and others are considered as unconscious 
beliefs. Beliefs we are aware of and have consciously considered involve higher levels of 
cognition and have been referred to as ‘conceptions’ (Schloglmann, 2001). Beliefs can be 
considered to contain some type of ‘truth’ for the individual and this suggests why beliefs 
are resistant to change. The ‘truth’ may be arrived at through experiences, observations or 
thoughtful explanations (Goldin, 2002). Extrapolating this thinking, changing these beliefs 
would therefore require a learning experience or situation that created conflict with his or 
her current belief systems and this aligns with Dewey’s (1938) view about the role of 
inquiry learning.  
Observing beliefs relies largely on inference because beliefs are a highly individualised 
and an internal construct (Pajares, 1992). Therefore students’ beliefs can be inferred 
through their actions, intentions (plans to solve a mathematics problem) or verbal outputs 
(Pajares, 1992; Zalska ,2012). This has implications for both research design and 
 
Beliefs 
 
Values 
 
Attitudes 
Emotions or 
Feelings 
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methodology and will be elaborated later in this chapter. Researching beliefs and how 
beliefs might change through classroom experience will therefore require a specific focus 
on which beliefs will likely be displayed in a classroom environment.  
Also inherent in Grootenboer’s (2003) model (see Figure 3.2) is the notion of values. 
Values are thought to be learned by the individual and were largely overlooked in Dewey’s 
frameworks (Miller, 1958). Values are considered to be historically or culturally based and 
influence the beliefs and attitudes of students (Grootenboer, 2003). An example of the 
influence of values for learning mathematics might be when a student’s parents profess a 
belief that they are incapable of ‘doing’ mathematics and this thinking is inculcated in the 
child. The effect of values on students’ beliefs and attitudes resonates with Goodykoontz’s 
(2008) understanding of external, background related aspects of students’ beliefs and 
attitudes towards mathematics.  
Theoretical understanding of each of McLeod’s four categories of beliefs, as outlined in 
Table 2.1, will now be investigated. (1) Beliefs about the nature of mathematics can be 
regarded as a discussion of epistemology. Muis, Franco and Geirus (2011, p. 1) list some 
typical (naïve) sets of beliefs that students hold in regard to mathematical knowledge: 
 “mathematics problems have one correct answer; 
 knowledge in mathematics is unlikely to change over time; 
 authority figures hold all knowledge;  
 formal proof is irrelevant to processes of discovery or invention; 
 knowledge claims in mathematics represent an objective ‘‘truth’’ about the world.”  
 
Muis’ (2004, 2008) research of 264 undergraduate university students found a link 
between these naïve belief sets and negative attitudes towards learning mathematics. 
Muis’ studies used problem solving questions to examine cognitive learning processes in 
the participants. 
(2) Beliefs about self-efficacy in regard to mathematics are argued to be based on the 
experiences of individuals and therefore stable in nature. Students who have attained low 
achievement scores in mathematics over a long period might be expected to regard their 
ability in mathematics to be poor (Dweck, 1986). Ward et al. (2010, p. 184) identified two 
belief structures that related to primary school students’ perceptions of their ability in 
mathematics, namely: 
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 “The ability to succeed in mathematics is an inherited trait  
 Doing mathematics requires the use of the right side of the brain and is not creative” 
Taylor’s (2009) study argued that students who perceive mathematical ability as 
something inherent often exhibit the attitude that effort does not necessarily equate to 
success. 
As this study is investigating the impact of inquiry learning on high school students, it is 
likely the participants will have formed some beliefs about (3) how mathematics should be 
taught. Students’ views of how mathematics will or should be taught have been linked with 
their beliefs about the nature of mathematics in general (McLeod, 1992).  For example, 
students who believe the teacher holds the necessary knowledge have been shown to 
expect the teacher to deliver the learning required. This can lead to what has been 
described as a learned helplessness approach to learning mathematics (Dweck, 1986; 
Taylor, 2009). In a learned helplessness scenario, students would expect the answers to 
appear on the whiteboard during the lesson and they can therefore wait to see the answer 
rather than attempt it themselves. 
(4) Beliefs about the role of mathematics in society have been found to be influenced by 
parents and other key people outside of the classroom (Goodykoontz, 2008; Wilkins & Ma, 
2003).  Inside the classroom, collaboration processes can also impact on the beliefs of 
students through the inculcation of shared values, attitudes and emotions (Scholglomann, 
2001). Armstrong and Price (1982) highlighted two beliefs of students in mathematics 
classrooms that related to the role of mathematics in society, namely; 
 Mathematics is useful in daily life 
 Understanding mathematics will be important for my future 
 
As students become older, it has been argued that they are increasingly less positive in 
their attitudes towards mathematics (Goodykoontz, 2008). Students’ classroom 
experiences may, over time, be having a detrimental effect on student attitudes and beliefs 
towards learning mathematics (Wilkins & Ma, 2003). However, Boaler (1998) found that 
students who were taught to cognitively engage in open style learning exhibited a self 
confidence in their ability to handle non familiar mathematical situations. In contrast, her 
work showed that closed mathematics classrooms where learning focused on rules and 
procedures produced learners who felt mathematics had little external relevance for them.  
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3.5 Summary of Chapter 3 
It is the position of this study that if students experience inquiry style classrooms that 
encouraged students to test knowledge and provide argument and justification for their 
choices, they were expected to develop more sophisticated beliefs about the nature of 
mathematics and how important mathematics is for their daily life. Inquiry-based learning 
provided a framework to enable the construction of a learning environment that developed 
students’ ability to actively seek knowledge and make choices (Makar, 2012).   
Dewey’s (1902, 1915, 1938) theories offered a framework for the type of classroom and 
inquiry learning experiences that may challenge the traditional pedagogy associated with 
textbook led mathematics. Schwab (1973) supported Dewey’s approach and suggested 
that simulated, real-world, meaningful learning can occur in a normal classroom 
environment. Spector (2006) argued that ill-structured tasks can assist with the creation of 
an inquiry learning environment. 
Bandura (1977, 1986) challenged Dewey’s description of learning as an internal process 
and postulated that students can also learn through copying or modelling other people’s 
behaviour. Bandura’s view that students learn through others suggested that the whole 
classroom environment needed to be carefully observed in order to understand learning 
and assist with explaining how the interactions within the classroom might affect the beliefs 
and attitudes of the students. Goodykoontz (2008) used empirical research to provide a 
range of specific factors that can affect students’ attitudes and beliefs while learning 
mathematics. 
McLeod’s (1992) work provided this study with a list of the specific beliefs and attitudes 
towards mathematics that were identified in the classroom setting in order to explore how 
inquiry learning environments might shape these. A number of researchers provided 
insight into specific beliefs encountered within McLeod’s (1992) categories of beliefs 
(Boaler, 1998; Dweck, 1986; Muis’, 2004/08; Muis, et al., 2011; Taylor, 2009; Wilkins & 
Ma, 2003). Grootenboer (2003), Pajares (1992), Schlogmann (2001) and Zalska (2012) 
suggested some worthwhile considerations for observing beliefs and attitudes in 
classrooms. 
The combination of these theoretical positions suggested that deliberately altering factors 
related to the way students experience learning may have created situations that enabled 
socially constructed change to students’ beliefs and attitudes towards mathematics. This 
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study therefore established the aim of deliberately targeting students’ beliefs and attitudes 
towards mathematics by exposing them to real-world, ill-structured tasks in an inquiry 
learning environment in order to influence them to question and possibly challenge their 
current belief and attitude structures in relation to mathematics. In essence, it was 
proposed that if students experienced a more sophisticated mathematical learning 
environment they would develop more mature notions of mathematics and learning 
mathematics. 
The way that students’ beliefs and attitudes display as actions in a classroom are of 
course open to interpretation and dependent on the learning experiences the students 
share. Empirically researching aspects of the teaching and learning process that might 
impact on students’ beliefs and attitudes required careful observations and multiple 
sources of information from students in order to expose their cognitive constructs related 
to mathematics. While questionnaires and mathematical tasks may have revealed some 
aspects of student thinking, observing students and their interplay with challenging, real-
world problems offered the chance to really hear and see the reasons students chose the 
pathways and actions they took during mathematics problem solving. These observations 
were thought to provide possible insights into how educators might affect students’ beliefs 
and attitudes. Framing components of the research question variables within these 
theories of learning and learning mathematics also provides guidance on how to interpret 
results from the students. 
This chapter was designed to outline aspects of main theories the researcher took into the 
classroom and was intended to shed light on how the results were interpreted. A research 
approach that aligns with these theories will now be discussed in the next chapter. 
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Chapter 4 
Methodology 
4.1 Research Design 
The aim of this study is to explore how altering pedagogical practice in mathematics 
classrooms may impact students’ beliefs and attitudes. The positive shift in beliefs and 
attitudes towards learning mathematics has been argued to encourage improved 
mathematical competences and contribute to improved academic success (Xiao, Yu & 
Yan, 2009). Within the aims of this study, a range of methodological approaches were 
considered. This study intended to focus on individual students and their beliefs towards 
learning mathematics. Classroom research was therefore seen as useful for addressing 
the research questions (Cohen, Manion & Morrison, 2011). Design experiment 
methodology suited the purposes of this study as it caters for research settings where the 
environment consists of a web of interactions between tasks, objects and people and 
allows for study of the interplay between those elements (Cobb et al., 2003; Sloane & 
Gorard, 2003).  
Design experiments allow the researcher to deliberately create the desired intervention 
characteristics in order to observe how it shapes the learning environment (Cobb et al., 
2003; Sloane & Gorard, 2003). Design experiments rely on iteration to continually revise 
and improve the impact of an intervention being studied. Cobb et al. (2003, p. 3) stated, 
Prototypically, design experiments entail both "engineering" particular forms of 
learning and systematically studying those forms of learning within the context 
defined by the means of supporting them. This designed context is subject to test 
and revision, and the successive iterations that result play a role similar to that of 
systematic variation in experiment. 
The researcher in design experiments intends to continually develop an intervention in 
order to study phenomena of interest (The Design-Based Research Collective, 2003). A 
design experiment approach does present researchers with challenges around objectivity 
as it allows for a manipulation of the environment. Therefore the use of design 
experiments needs to be coupled with a self-critical perspective. For this reason, the 
theoretical framework has been explicitly outlined for this study in chapter 3.  
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As discussed in chapter 2, few studies have examined the impact of inquiry learning on 
students’ beliefs and attitudes towards mathematics. Therefore a purely quantitative 
approach would not find sufficient guidance to identify and target experimental variables 
for this study (Creswell, 2014). Qualitative research is often used to explore the way 
knowledge is constructed and experienced by the individual (Miller, 2000). A combination 
of quantitative and qualitative approaches allows for a more targeted approach to 
exploring the research questions (Tashakkorie & Teddlie, 2010). Researchers using both 
methods of exploring data consider a pragmatic worldview that allows the research 
questions to be approached using whichever method ‘works’ (Creswell, 2014). In this way 
the researcher is motivated by selecting the ideal procedures that allow insight into the 
research question rather than being confined to a particular approach. Moulding the 
procedure to respond to the question also aligns with Dewey’s (1938) understanding of 
inquiry environments and this suggests that a design experiment approach is a form of 
inquiry.  
4.2 Participants 
Student experiences of learning mathematics are varied. Their beliefs about mathematics 
were therefore expected to exist along a continuum, from what Muis et al. (2011) called 
naïve to sophisticated. Students who have learned mathematics via traditional teaching 
and learning episodes may have developed naïve beliefs. For example, students may 
believe that mathematics knowledge is fixed and that every question has a single, correct 
solution (Boaler, 1998; Maaß & Schlöglmann, 2009; Maass, 2010). Students who have 
been exposed to learning mathematics in a more authentic fashion may have developed 
quite different beliefs to those mentioned above and may be better able to see the 
usefulness of mathematics. It has been argued that the divergence in beliefs for students 
in a classroom is more profound the older the students become (Goodykoontz, 2008).  
As is typical in studies that use design experiments, participants for this study were chosen 
on what can be described as convenience sampling methods (Creswell, 2014). The 
difficulty associated with locating a senior high school mathematics classroom that was 
utilising inquiry learning methods meant that typical sampling procedures were unviable. 
The researcher therefore needed to be able to create the desired learning environment in 
order to explore the possible impacts. The researcher was working as a deputy principal at 
a high school and it was decided to conduct the research there. The teacher who elected 
to be involved described herself as a traditional mathematics teacher and was eager to 
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explore new methods of teaching mathematics. She had approximately 16 years’ 
experience as a teacher. The school is located in a major city. Students come from a 
relatively wealthy socio-economic background as described by national, comparative, 
socio-economic scores made available through an online national database.  
The collaborating teacher’s senior mathematics class was selected to be involved in the 
study and all students/parents volunteered to participate in the research. Maths A was 
designed as a university preparation subject that foregrounds the use of how mathematics 
can be applied to everyday situations. In this school, there were three classes of Maths A 
for this particular cohort. Maths A differs from three other types of mathematics courses 
offered in the senior school and does not contain calculus or any high level algebra. It is 
regarded as unsuitable for students who wish to study higher levels of mathematics or 
engineering at university. At this school, all students in their senior years must choose 
either Prevocational Mathematics, Maths A or Maths B. The school also offered Maths C 
as an elective course that must be studied in conjunction with Maths B. Most students 
consider Maths A to be of a medium level of difficulty. 
Initially there were 25 students in this class, however only 23 students finished Year 12; 
two students left the school to return to their home country. Of the 23 students who 
graduated, 11 were male students and 12 were female students. All students were 
between 15 to 17 years old when the study began.  
Ethical clearance from both the university and the State education authority was obtained 
before the study began. Students were invited to participate via letter and all students in 
the class agreed. Students were told the results from the surveys, tasks and classroom 
observations would remain confidential and results were stored anonymously. The teacher 
of the class was keen to be involved and was eager to explore new ways of teaching in her 
Mathematics A class. Whilst there was expected to be some benefit to students in the 
class in relation to their attitudes and beliefs towards mathematics, it was not expected 
that students would perform differently on assessment as a result of the study. No 
comparisons were made with other classes and the minimum amount of time was used to 
collect survey and ill-structured task data. 
4.3 Qualitative Data Sources 
Classroom settings consist of a multitude of interactions between the tasks, objects and 
people in the room. Replication of an intervention strategy in a setting containing different 
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people is therefore difficult. Reliability of design-based research can be improved by using 
a number of data collection strategies throughout the iterations and by making transparent 
the rationales for analysing those data (Sloane & Gorard, 2003). Allowing other 
researchers insight into the rationale used to analyse the data from each of the iterations 
can be argued to alleviate concerns regarding reliability and validity (Steffe & Thompson, 
2000). To improve the reliability of the outcomes from this study, students were therefore 
observed in a number of ways including via video recording of classes, targeted interviews 
with four pairs of students after each unit was completed and collection of workbook 
materials from their classes. Students were also identified for case study prior to the 
implementation of the first inquiry unit. 
One premise upon which this study was based is that students learn through observing 
and modelling other students’ behaviours (Bandura, 1986). This argument can be used 
reflexively to suggest that a researcher also learns from observing others. However, 
observation in a social setting like a classroom entails more complexity than can be 
recorded on field notes, observation checklists, surveys or interviews (Erikson, 2006). The 
use of audio-visual recording tools allows the researcher to observe and re-observe 
classroom interactions to look for signs of learning (Erikson, 2006). Data from video 
recording can contain an overwhelming amount of information and the researcher needs to 
be mindful of personal bias when choosing which aspects of a classroom to record 
(Creswell, 2014, p. 246).  
Audio-visual recordings were taken for each lesson in which inquiry units were taking 
place. Not all students could be viewed at one time. Selection of the groups of students to 
be video recorded was based on the quantity and quality of verbal interactions taking place 
within the groups. While the video was recording one group, the researcher would move 
around the classroom and listen for other conversations that related to the mathematical 
task. These recordings were stored as electronic files and sequenced using their date and 
time stamps. 
Interviews of four pairs of students were also used as a data gathering tool. As discussed 
in the description of the pilot study at the end of this chapter (section 4.15), the MAS open-
ended questions were originally thought to be useful as interview questions. However, it 
was decided after the pilot project that they did not allow for enough deep exploration of 
students’ beliefs and attitudes towards mathematics. Instead the interview questions were 
derived from Kloosterman, Raymond and Emenaker’s (1996) research. Kloosterman et al. 
48 
 
(1996) conducted a three year study with primary school children and mapped student 
responses to McLeod’s (1992) categories of beliefs. Using the results as a guide, a 
number of open-ended questions and sub questions that can be used as prompts were 
developed (see Appendix A). These questions were designed to investigate changes in 
students’ beliefs about mathematics over time. Audio recordings of each interview were 
stored electronically and sequenced using their date and time stamps. 
The research questions of this study require a longitudinal view of students’ beliefs and 
attitudes towards mathematics. Case studies allow for this longitudinal view while 
accommodating the differences in individuals (Cohen et al., 2011). Case studies have 
been argued to be particularly useful in providing data to support responses to exploratory 
why and how questions (Yin, 2009). Case studies were also utilised in this study as they 
were seen to assist with the explanation of the complex interactions as they occur for an 
individual in a mathematics classroom (Ashley, 2012, p. 103). While an individual case 
study would have provided valuable information for the research questions, multiple case 
studies (Creswell, 2014) allowed for the case studies to be compared to draw further 
conclusions and improve the depth of the analysis (Ashley, 2012). While multiple case 
studies allow the researcher to observe greater variation, the case study participants must 
be carefully selected. For example, Yin (2009) was careful to point out that multiple case 
studies can be selected to predict similar results or to produce contrasting results. Case 
studies that are expected to produce contrasting results should be predictably different 
(Yin, 2009). One tenet of this study is that students who achieve different levels of success 
in mathematics were expected to have different beliefs and attitudes towards mathematics.  
It was decided to select three students for case study. The selection of the students for 
case study was designed to capture a range of beliefs and performance levels in 
mathematics. The selection process is discussed in greater depth at the start of chapter 7. 
The data on case study students was collected using the same processes as the rest of 
the class including initial and final surveys and ill-structured tasks, video recording of 
classes, workbook extracts and post-task interviews.  
4.4 Qualitative Procedures 
This section is used to explain the details of the tasks, implementation methods and data 
analysis techniques.  
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4.4.1 Planning the Inquiry Units 
The teacher of the classroom expressed her willingness to utilise the inquiry learning 
process based on the use of ill-structured tasks. The researcher and teacher were 
involved in a number of meetings before the implementation period. During this time they 
also met with Dr Katie Makar, an academic with expertise in the inquiry learning field. The 
meeting focused on three main aspects: (1) discussion of the contrasts between traditional 
teaching methods and inquiry methods, (2) introduction of a guided inquiry chart to use 
with the class and a teacher resource book that contained a range of ill-structured 
questions, and (3) discussion of approaches to developing and designing ill-structured 
tasks. 
The teacher and researcher met to design suitable ill-structured tasks around two to three 
weeks before each inquiry unit. The task that was developed was also emailed to Dr Katie 
Makar for feedback. The teacher and researcher used school resources such as unit 
planners, textbooks and lesson plans from Maths A to design the questions. The teacher 
adopted the guided inquiry pedagogy and implemented the ill-structured tasks with the 
class. The researcher collected data from the initial and final surveys and ill-structured 
tasks, and the interviews. The researcher was therefore free to record lessons, interact 
with students and make field notes while teaching and learning was taking place. 
The implementation of the inquiry units was agreed to occur once per semester for the first 
three semesters of the course. Students studied approximately four to five distinct units of 
work each semester and each unit took approximately three weeks of learning time. In 
Queensland considerable time is given to revision and testing as students final results are 
based completely on within school scores for their subjects.  
The teacher decided which units of work were most suitable for inclusion of inquiry 
learning methods. Typically the teacher selected a unit that was scheduled to be taught 
towards the middle of a semester. Students in other Maths A classes were learning the 
same content at the same time but without the inquiry learning methods being employed. 
The other classes of Maths A had different teachers. This parallel learning with other 
classes was considered important in reducing student anxiety in the participating class in 
regard to work completion or equivalence between the classes. This was reiterated to 
students verbally on a number of occasions leading up to the units of work. 
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4.4.2 The Inquiry Units 
The researcher used a video camera to record the classroom during the inquiry units. A 
wireless microphone was placed with students from different groups throughout each 
lesson and the researcher sometimes listened from where the camera was positioned 
using headphones. In this way the researcher could optimise the recording of episodes of 
classroom interaction and conversation pertinent to the research questions. 
Students were introduced to inquiry during a unit called, ‘Managing Money.’ The unit 
occurred during the first semester of Year 11 and included content such as wages, 
salaries, gross and net incomes, taxation, Medicare levy and expenses. In the inquiry unit, 
students were presented with the ill-structured task, “You are graduating high school and 
decide you might like to become a personal trainer. You think you will set up your own 
business. Will it be viable?” Student’s work on this task was envisaged to incorporate 
many of the major content descriptors from the unit of Maths A. Students were given 
approximately three weeks of time to complete the task. As this was the first inquiry unit, 
students were explicitly taught the guided inquiry process, as discussed in section 6.1 of 
this study.  
The second inquiry unit was introduced approximately four months later, in Semester 2 of 
Year 11 and was focused on a unit in Maths A called, “Probability and Statistics.” Content 
from this unit included sample space, compound events, tree diagrams and grids, 
probability and games of chance. Students were asked to, “Consider yourself as the owner 
of a casino who is about to implement a new game called the Game of 7s. What amount 
would you pay a punter who wins this game?” The game was based on a typical textbook 
style game where the player rolls two dice and the numbers on the upward side of the dice 
are added together. If the addition equals seven, then the player wins. 
Students were given two dice (one white and one pink) as stimulus. Students were told the 
unit would take approximately two weeks of class time. Each student was given 
worksheets that detailed the guided inquiry process. The worksheets were developed in 
response to observations from the first inquiry unit showing that some students were not 
as involved as other students within the groups. Therefore the teacher and researcher 
decided that each student needed to complete and submit a workbook to describe their 
mathematical journey. 
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The third inquiry unit was introduced approximately six months later, when the students 
were in Year 12. The unit was called, “Managing Money” and content included 
appreciation, depreciation, compound interest, future values, present values and savings 
and loans. Students were given approximately three weeks to complete the inquiry unit. In 
this case, students were given a series of questions as the teacher and researcher felt a 
single question for appreciation and depreciation would seem artificial. First the students 
were asked, “You see a Star Wars figurine for sale. Your research tells you that it should 
appreciate by 5% p.a. Should you buy it?” The teacher brought in her collection of Star 
Wars figurines as a stimulus. Students were also told that they could consider inflation to 
be 3% p.a. across time. Later in the unit students were asked to, “Consider yourself as the 
owner of a sound studio. You purchased your electronic mixing board for $90 000 but after 
three years you want to buy a new one. It is expected to depreciate by $5000 per year. 
Someone offers you $70 000, will you sell it to them?” Students were given some pictures 
of electronic equipment associated with a sound studio. 
Students did not use workbooks in the third unit as they were considered by the teacher as 
leading the students too much. The questions in the final unit were more closed as the 
teacher said she felt time pressure and wanted to ensure she covered all aspects of the 
unit of work. Throughout the lessons the researcher interacted with students and the 
teacher to attempt to improve the design of the inquiry learning environment, in line with 
the methodology of design experiment approaches (Cobb et al, 2003). At the end of each 
lesson the teacher and researcher met to reflect on aspects of the lessons. At times the 
video footage was used in these discussions with the teacher. 
4.4.3 Interviews 
Interviews took place after each inquiry unit and participants were chosen based on 
aspects related to their initial responses and outcome levels in Maths A. The same eight 
students were interviewed as four pairs at the end of each inquiry unit. Students were 
taken to a separate room and the interview was audio recorded. Both students were asked 
to respond to each question and they were encouraged to respond to each other 
throughout the interview as well. All data were transcribed after the interviews were 
completed. 
 
 
52 
 
4.4.4 Case Studies 
Students were selected for case study before the first inquiry unit began. The class had 
completed their initial surveys and mathematical tasks. The results for the initial surveys 
and task, combined with their Term 1 results for Maths A, were used to select the case 
study participants. Case study participants were selected to attempt to give the researcher 
contrasting data that showed an array of beliefs and attitudes towards mathematics. 
Students selected for case studies were not treated differently during the classroom 
lessons. All students in this class worked in groups for the inquiry units and each of the 
students selected for case study worked in different groups throughout the duration of the 
study. Participants for the case study were among the eight students selected for post-task 
interviews and they were not paired together.  
4.5 Qualitative Data Analysis 
4.5.1 Classroom Observations 
Creswell (2014) described his interpretation of the qualitative research process in the five 
steps below: 
1. Initially read through text 
2. Divide text into segments of information 
3. Label the segments with codes 
4. Reduce overlap and redundancy of codes 
5. Collapse codes into themes. (p.268) 
Erickson (2006) argued that analysis of video data requires a modified approach. While he 
suggested a number of possible methods, his whole-to-part inductive approach can been 
summarised into the six steps below: 
1. Review whole event (video tapes etc.) 
2. Review whole event again and create timelines for parts 
3. Transcribe episodes of interest 
4. Continue recursive passes until you have narrowed the episodes in Step 3 as much 
as possible without losing their meaning – code if required 
5. Review episodes with participants and ask them to elaborate (optional) 
6. Use coding to generalise and look for anomalies. (p. 184) 
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Using the two frameworks above as a guide, it was decided to follow the steps below to 
analyse video and audio data: 
1. Review whole video and audio in sequence 
2. Review whole video and audio again, stopping to transcribe all segments that 
pertain to McLeod’s (1992) categories of beliefs 
3. Label each segment using McLeod’s (1992) categories of beliefs, narrow them 
down if possible 
4. Categorise each segment within the codes using Goodykoontz’z (2008) factors that 
affect beliefs 
5. Search for anomalies and themes 
Data from video and audio recordings were mapped against McLeod’s (1992) categories 
of beliefs in mathematics (see Table 2.1) using Goodykoontz’s (2008) theories of factors 
that can impact on students’ beliefs and attitudes (see Figure 2.2). This was done using 
graphic organisers displaying McLeod’s four categories of beliefs and mapping partial 
video transcripts and interview transcripts to these categories. Further categorisation using 
Goodykoontz’s notions of external and internal factors was used to then group within the 
categories of beliefs. Excerpts were separated into segments that captured dialogue 
related to one of McLeod’s (1992) four belief categories. The number of excerpts identified 
in each category of belief was not uniform and has been outlined in Table 6.1. The 
summary of excerpts did not include the excerpts from the case studies. 
The results were examined to search for trends, interactions and key junctures that might 
give insights to when students’ beliefs and attitudes towards mathematics were being 
activated, discussed or challenged. For example, when students were initially presented 
with the ill-structured tasks their self-efficacy towards mathematics appeared to influence 
their approach to solving the task (see Table 6.2). Excerpts presented in chapters 6 and 7 
were selected as they show the full range of beliefs and the different aspects of each belief 
as identified by McLeod (1992). All excerpts were able to be categorised into the beliefs as 
suggested by McLeod (1992) without the need to create new categories of beliefs. 
Discussion focused on the way inquiry learning contributed to the activation and challenge 
of these beliefs and used literature to support these interpretations. 
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4.5.2 Interviews 
The duration of interviews was approximately 10 to 15 minutes and students were asked 
to be as elaborate as possible. Transcripts from the interviews were analysed using the 
same methods described for the video recordings of lessons above. 
4.5.3 Case Studies 
The three case studies were expected to demonstrate an array of beliefs and attitudes 
towards mathematics throughout the study. Each of the three students selected was 
selected from one of the A, B and C level of achievement bands. Students with higher 
success in mathematics were expected to have more positive beliefs and attitudes towards 
mathematics. The researcher also perused the initial survey results and compared the 
responses for the Attitude and Usefulness subscale results from each of the surveys. A 
detailed explanation of the profile of each student and data used to build this profile is 
presented at the beginning of chapter 7. Methods for coding and analysing data were 
aligned to the approach taken for the video data described above; the data were also 
reported chronologically. Data used as part of chapter 6 were not repeated in the case 
studies in chapter 7 and vice versa.  
4.6 Summary of Qualitative Aspects 
The combination of these qualitative approaches was designed to explore classroom 
interactions from both a whole class and individual student perspective. Using multiple 
approaches has been described as improving the credibility of qualitative research 
generally (Creswell, 2014). For example, case studies are considered to have a low level 
of generalisability (Ashley, 2012; Cohen et al., 2011). Using observational data from the 
whole class allows for a greater level of generalisation. Case studies are also prone to 
high levels of subjectivity and reflexivity (Cohen et al., 2011). In case studies, the 
researcher can unknowingly exclude aspects of data that do not fit with their mental model. 
While this is somewhat less pronounced in whole class observational approaches, it still 
remains an issue of credibility for the results of this study.  
There are a number of ways this study has sought to establish credibility with results from 
the qualitative approaches. Lincoln and Guba (1985) outline seven methods for improving 
the credibility of qualitative research, namely; prolonged engagement, persistent 
observation, triangulation, peer debriefing, negative case analysis, referential adequacy 
and member-checking. While the definitions for each of these categories have been the 
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subject of debate (Angen, 2000), the design, data collection, procedure and data analysis 
for this study has been closely aligned with these components. This has included using 
multiple, extended classroom observations, multiple sources of data, debriefs with the 
teacher at the end of each lesson (see section 6.4 for an example), selecting case study 
participants who demonstrate negative attitudes, reporting on negative results to improve 
transparency of the results, selecting case study participants who demonstrate positive 
attitudes, and systematically following procedures of analysing video and audio data. 
Member checking was seen as problematic due to the fact the participants were school 
children (Angen, 2000), although this did occur informally from time to time. For example, 
students engaged in further conversation after the lesson was over that elaborated their 
comments during the lesson. Data from these conversations were recorded in field notes. 
In addition to these approaches, results and discussions in this study relied heavily on 
extended excerpts used as frequently as possible to allow for an improved transparency of 
conclusions. Creswell (2014, p. 283) argued that using frequent extended excerpts 
improves the transferability of conclusions for qualitative studies as it made evident the 
types of conversations students were having. Quantitative data were also used in this 
study to inform and support conclusions made from the qualitative data. The approach to 
these data will now be discussed below. 
4.7 Quantitative Data Sources 
The power of quantitative approaches can be summarised as their ability to describe a 
trend (Creswell, 2014, p. 27). The measures of tendency allow for an improved 
generalisation of results (Cohen et al., 2011; Creswell, 2014).  While the qualitative 
approaches described in section 4.5 allow for a deep analysis of the issues surrounding 
students’ beliefs and attitudes towards mathematics, quantitative approaches used in this 
study sought to explore aspects of whole class influences from using inquiry techniques. 
Creswell (2014, p. 170) described four types of quantitative data. These can be 
summarised as measures of individual performance, individual attitude, observations or 
factual documents. This study relied on a number of these to support the qualitative 
findings including surveys targeting individual attitudes as described above, measures of 
individual performance and factual information about the participants. 
Pragmatic aspects associated with locating a senior high school classroom using inquiry-
based research shaped the quantitative methods employed. The researcher had access to 
one classroom of students and any form of comparative analysis with other classes was 
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not seen to be ethical. While a time series quantitative design may have suited the 
intervention characteristics, ethical considerations were also given to the views of the 
teacher in regard to minimising the disruption of learning time for students. This disruption 
to normal learning was negotiated to be the administration of initial and final measures 
only. The intervention using inquiry learning was not considered a disruption to normal 
learning time. Combined with non-probabilistic sampling procedures, this meant that a truly 
experimental design was beyond the scope of this study. 
Information about students’ beliefs and attitudes towards mathematics was not available 
prior to the study. While some studies have provided links between students’ beliefs and 
mathematical outcomes (Goldin et al., 2009), measures of mathematical outcome do not 
provide specific information on which beliefs and attitudes students may hold. Therefore 
new information needed to be generated that allowed the researcher some insight into the 
individual beliefs and attitudes held by students in this class. It was therefore decided that 
surveys would be an appropriate quantitative tool for this study.  
Within the intended purpose of supporting the qualitative analysis of classroom 
interventions, the use of surveys as both a cross-sectional survey design and a pre-
experimental, one group pre-test and post-test design was utilised (Cohen et al., 2011). 
The rationale for choosing each of these methods is now elaborated. Creswell (2014, 
p.403) describes cross-sectional designs as useful to, “Examine current attitudes, beliefs, 
opinions.” Surveys allow the researcher to gather information about the self-reported 
thoughts of students on particular issues and therefore suit the requirements of the 
research questions for this study. Descriptive statistics can be used to give examples of 
attitudes and beliefs within the group being studied. This initial data were also used to 
select students for case study.  
Pre-test, post-test design without a control group presents challenges for the researcher. 
Internal validity is threatened by history, maturation and testing. Causality cannot be 
assumed for any significant change in results as there is no baseline data to show effect of 
the intervention (Cohen et al., 2011). Despite these limitations, paired t-test comparisons 
of means for one group, pre-test and post-test design studies do allow for “comparisons of 
survey measures that can demonstrate outcomes of interest (Bell, 2010, p.1082).” The 
addition of multiple surveys before and after the intervention can assist with decreasing 
threats to validity in one group designs (Bell, 2010). This notion of using surveys in one 
group design to examine outcomes of interest aligns with Creswell’s (2014) view that the 
57 
 
power of quantitative research is in highlighting trends. Given that the study is exploratory, 
these threats to validity are not considered to significantly reduce the outcomes for this 
study or the overall validity of responses to the research questions. 
It was also seen as appropriate to measure the individual performance of students on ill-
structured, pen and paper style tasks. Spector (2006) considered the frequency of use of 
ill-structured tasks in traditionally taught mathematics classrooms as rare. One argument 
considered when answering the research questions for this study was that exposing 
students to this real-world task type would improve their skills when answering these types 
of ‘messy’ questions. Ill-structured tasks were administered prior to and after 
implementation of the study. Both ill-structured tasks have been included as Appendix B 
and C as they were presented to the students. 
Some studies have found a relationship between students’ outcomes and their beliefs and 
attitudes towards mathematics, especially in the higher grades (Nicolaidou & Philippou, 
2003; Xiao et al., 2009). Cross-sectional Chi Square analysis of survey results exploring 
the relationship between students’ grades and their beliefs could not be relied upon due to 
low frequencies in a number of ranges. It was decided to choose one student from each of 
the A, B and C outcomes range for case study to assist with exploring a range of possible 
beliefs and attitudes towards mathematics.  
Instruments that assess students’ beliefs and attitudes towards mathematics were difficult 
to locate. One survey that has been used widely in mathematics education research is 
Kloosterman and Stage’s (1992) Indiana Mathematics Beliefs Scales (Kloosterman & 
Stage, 1992; Lee, 2006; Mason, 2003; Schommer-Aikins, Duell & Hutter, 2005; Stockton, 
2010). While this instrument was written more than two decades ago, more recent 
research investigated these scales and reported high levels of validity and reliability 
(Berkaliev & Kloosterman, 2009), as well as comparability to original scores from 1992. 
The IMBS consists of 36 Likert style statements on a five point scale. Within the 
statements there are six subscales. The survey has been included as Appendix D as it 
was presented to the students. 
To attempt to improve the longitudinal design of the one group pre-survey, post-survey 
data collection, it was decided to administer a second survey (Bell, 2010). Ward et al. 
(2010) developed the Mathematics Appreciation Survey (MAS) and results from their work 
indicated high levels of reliability for this instrument. There are 20 Likert style statements 
which students respond to on a five point scale. Within these 20 statements exists three 
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subscales. In addition, the MAS provided students with open-ended questions that support 
the Likert style statements of the survey. The four open-ended questions were coded for 
responses using results from the original sample of 72 students (Ward et al., 2010). The 
survey has been included as Appendix E as it was presented to the students. 
4.8 Quantitative Procedures 
The researcher implemented both the initial and final surveys and ill-structured tasks. 
Students worked individually on all tasks and had no time limit. A normal classroom lesson 
of 70 minutes was sufficient to complete these tasks. Students were orally told that the ill-
structured task would take approximately 10 to 15 minutes to complete. The ill-structured 
task was marked by the teacher using the Maths A rubric for modelling and problem 
solving questions. The students were given back their task with grades and feedback to 
assist with the learning process. 
Surveys were completed individually using pen and paper and collected at the end of the 
lesson. As suggested by Kloosterman and Stage (1992), the survey questions were 
spread for subscale and polarity. Students were encouraged to complete the open-ended 
questions on the MAS, however, not all open-ended questions were completed by all 
students. Ill-structured tasks were completed individually without any assistance from the 
researcher or teacher.  
4.9 Quantitative Data Analysis 
Survey data were collated using an electronic database. Results were analysed 
immediately after each survey period. Results for questions in the survey were adjusted for 
polarity and grouped according to their subscale. The IMBS contained six subscales; 
difficult Problems, understanding, word problems, effort, usefulness and steps. The MAS 
consisted of three subscales; usefulness, creativeness and attitude. Using the rationales 
previously outlined, survey results were analysed and presented in a number of ways. For 
the initial surveys, descriptive statistics were prepared for each subscale and each 
question. These results were searched for patterns and differences. Unusual results and 
survey questions that averaged as the highest and lowest scores were scrutinised and 
discussed.  
Final survey results were treated in a similar way. Individual questions from the final 
survey that show comparatively high shifts from the initial surveys results were discussed. 
Final survey results were also used to compare initial survey results through the use of t-
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tests for matched pairs. An alpha level of .05 was used to determine the significance of 
these shifts. This alpha level is typical in this field of research when only one class of 
students are being observed (Cresswell, 2014). While the sampling techniques and pre-
experimental design do not allow for causality to be established, the results were used to 
assist with targeting aspects of qualitative data related to student beliefs and attitudes in 
mathematics during the inquiry units. 
Student responses for open-ended questions for the MAS were coded using categories 
designed by Ward et al. (2010). These codes have been elaborated in chapter 5. No new 
codes needed to be created on either the initial or final responses. Descriptive statistics for 
each question were used to support findings from the MAS and utilised when selecting 
case study participants. 
Due to the low numbers of participants, descriptive statistics were used to examine the 
initial and final ill-structured tasks. Students’ performance on the ill-structured aspect of the 
task was categorised and coded as described in chapter 5. Results do not assume 
causality with the inquiry learning environment intervention, but do seek to provide areas 
of interest and support for answering the research questions (Bell, 2010). 
4.10 Summary of Quantitative Aspects 
The survey data provided information to guide and shape aspects of the overall study. This 
included using descriptive statistics from initial data to select case study participants, focus 
audio-visual recordings of lesson interactions and redesign aspects of the inquiry learning 
environment. These form an integral part of the final outcomes. Inferential statistics based 
on comparative initial and final movements in responses can be viewed as informative. 
From a purely statistical approach, causality cannot be established and movements cannot 
be solely attributed to the introduction of ill-structured problems or the inquiry learning 
environment to this class. Despite this, results from t-test measures were used to support 
evidence found through observational analysis and combined with this, they did reiterate 
the experiences described in chapters 6 and 7. Therefore they form a part of the 
responses to a number of the research questions as outlined in Table 4.1 below. 
This chapter was intended to make transparent the approach the researcher took when 
conducting the study.  Separating this chapter into qualitative and quantitative aspects can 
be considered arbitrary as the embedded design and integrated approach of the data was 
far less segregated. Therefore it seems necessary to bring both approaches together to 
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describe events from a more holistic viewpoint. The next section of this chapter therefore 
provides some overviews of the data sources, procedures and data analysis methods. 
4.11 Overview of Data Sources 
Table 4.1 below describes the ways the qualitative and quantitative data sources 
complement to address the research questions.  In this way, the design experiment 
approach will produce a range of data sources for each research question to enable the 
researcher to develop layers of response. While the qualitative aspects were prioritised 
when drawing conclusions from the data, quantitative aspects allowed the researcher to 
focus on specific elements of students’ beliefs and attitudes towards mathematics. 
Table 4.1 
Research questions and related data sources. 
Main research question                                                    Data sources utilised 
How does creating an inquiry-based learning 
environment in mathematics influence student 
beliefs and attitudes about mathematics? 
 Coded video and interview 
data 
 Case studies 
 Survey data 
Sub questions 
Which beliefs and attitudes does inquiry learning 
influence (if any)? 
 Case studies 
 Survey data 
Do students who practice ill-structured tasks 
perform better on future ill-structured tasks? 
 Ill-structured tests 
 Coded video and interview 
data 
 Case studies 
How does the use of ill-structured tasks 
contribute to the development of an inquiry-based 
learning environment in mathematics? 
 Coded video and interview 
data 
 Case studies 
 
4.12 Overview of Procedures 
Figure 4.1 below provides a timeline of how the study was implemented using both 
qualitative and quantitative procedures as described above. The process was intended to 
allow for repeated interventions with minimal disruption to learning time for these senior 
students. Students completed the initial surveys approximately one week before their first 
inquiry unit began. Students completed the final surveys approximately two days after they 
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had completed their final inquiry unit. Interviews took place in the lesson immediately after 
the inquiry unit had finished. Most interviews took between 10 to 15 minutes and this 
meant that no students were absent from their mathematics lesson for any more than 15 
minutes.  
A meeting between the teacher and researcher took place at the end of each 70 minute 
lesson to review the inquiry approach. At these times, the beliefs and attitudes of students 
were not discussed; instead the focus was on the development of the guided inquiry 
process as a learning style.  
 
   Year 11      Year 12 
Semester 1 Semester 2 Semester 1 Semester 2
 
 
 
 
Figure 4.1 Procedure of implementation for this study 
4.13 Overview of Data Analysis 
To provide detail for the ways that specific data analysis techniques were employed 
throughout the implementation process, Table 4.2 below chronologically outlines when and 
how the data analysis techniques were employed. Analysis techniques were carried out as 
soon as was practically possible after the events described in Table 4.2. Initial survey 
results were analysed to assist with targeting students for case study.  
Inquiry 
unit 1 
Inquiry 
unit 2 
Inquiry 
unit 3 
Initial 
measures 
Interviews Interviews Interviews & 
final measures 
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Table 4.2 
Summary of techniques employed, presented sequentially. 
Technique Specific data tool/s How it will be analysed and used 
Initial 
surveys 
IMBS 
MAS 
 Cross-sectional analysis of classroom beliefs and 
attitudes towards mathematics 
 Baseline for pre-intervention measures 
Initial 
individual 
exam 
Ill-structured task on 
prior topic of learning 
 Descriptive presentation of ability on this task type 
 Baseline for pre-intervention measures 
Classroom 
observations 
X 3 
Videotape record 
Field notes 
Workbook excerpts 
 Use coding to identify situations when students 
interact with ill-structured questions and inquiry 
learning style 
 Investigate instances when beliefs and attitudes 
are exposed or challenged 
Interviews 
X 3 
Voice recording 
 
 Use coding to identify situations when students 
interact with ill-structured questions and inquiry 
learning style 
 Investigate instances when beliefs and attitudes 
are exposed or challenged 
Final surveys 
IMBS 
MAS 
 Cross-sectional analysis of classroom beliefs and 
attitudes towards mathematics 
 Investigate signs of movement in student beliefs 
and attitudes 
Final 
individual 
exam 
Ill-structured task on 
prior topic of learning 
 Descriptive presentation of ability on this task type 
 Investigate signs of movement in students ability 
to respond to ill-structured task 
4.14 Summary of Limitations 
The researcher was employed as a deputy principal at the school throughout the duration 
of the research project. In this study, the researcher could best be described as a 
participant observer (Creswell, 2014). This may have caused some students to respond 
differently to surveys, tasks, interviews and classroom work than if he had not been 
present. This may confound the results and therefore presents a challenge to the reliability 
of responses. As well as possible altered responses from students, the researcher 
acknowledges reflexive effects of observing and recording observations at the same time. 
This may result in the researcher constructing some events to allow for the desired 
interpretation or preconceived notion of how it should unfold. However, as Angrosino 
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(2012, p.166) explains, obtaining the ‘insider’s view’ on episodes in classrooms 
complements research findings, albeit from a subjective perspective. Mathematics 
classrooms can be void of conversation and being involved as a class member allows the 
researcher to stimulate discussion. Also, students may not have had the necessary skills 
to participate fully in the defend phase of the guided inquiry methods (see chapter 6), 
especially towards the beginning of the research, therefore participation from the 
researcher assisted with the development of this part of the process. 
Reliability of the quantitative measures was decreased due to pragmatic reasons. Not 
providing a control group meant inferential statistics could be viewed with interest but 
causality could not be established. Despite this, descriptive statistics associated with the 
ill-structured tasks and surveys provided rich information about individual students, the 
basis for this study. Generalisation of results from this study could therefore be argued to 
be limited. Qualitative approaches provide valuable information on the participants but by 
their nature do not support replicability (Creswell, 2014). The focus on the individual for 
this study was deliberate and allowed exploration within the field of inquiry learning and its 
effect on individuals in mathematics. 
4.15 Pilot Study 
A pilot study was carried out to test aspects of the second survey and general thesis of the 
study. Students from one Year 12 Maths A class at another State high school in 
Queensland, Australia, were administered the MAS survey and an ill-structured task.   
Students sat the survey questionnaire and one ill-structured task individually during a 
normal mathematics lesson. Students were given feedback on the ill-structured task based 
on the syllabus criteria for assessment for Maths A. Students were not given summary 
results of the survey. Four students volunteered for interviews after the task and the open-
ended questions from the MAS were completed. Each interview took approximately five 
minutes. 
This data collection assisted with answering the following preliminary questions associated 
with the research design: 
 Does the survey capture beliefs that are relevant to the intended study? 
 Do some students find the ill-structured task more difficult than other students? 
 Is there a link between student beliefs and their performance on ill-structured tasks? 
 Are students leaving Year 12 with naive views about the nature of mathematics? 
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Students appeared to respond honestly to the survey and they all finished the survey after 
approximately 15 minutes. Two students asked clarifying questions about the term, 
‘proofs,’ used in Question 20 of the MAS.  
The ill-structured task was based on a unit of work students had completed about three 
months prior. This presented specific challenges for students due to their inability to 
perform manipulative processes associated with the task. Students openly reported not 
being able to remember the techniques they needed to employ to answer the 
mathematical aspects of the question. 
During interviews, students appeared to be able to answer the open-ended questions very 
quickly. While the researcher had allowed 10 minutes per students, typically interviews 
took only half this time. All students in interview asked about the term, proof, used in the 
second open-ended question. 
Results from the pilot study allowed the researcher to make assumptions about the 
viability of the overall project as well as some technical issues. These can be summarised 
as described below: 
 The MAS was useful for gathering a range of responses from this senior class and 
appears to be useful for students of this age group 
 The open-ended MAS questions did not allow for students to provide enough detail 
and could have been answered as part of the pen and paper survey 
 The term, proof, presented challenges to students in Maths A 
 Ill-structured tasks should be designed around a topic in mathematics they have just 
learned 
These aspects were incorporated into the design, planning and administration of the full 
study. 
4.16 Chapter Summary 
Investigations into the ways alternative teaching practices affect students’ beliefs and 
attitudes towards mathematics are important. As well as learning mathematical 
procedures, it is argued that students also need to learn that mathematics has a beauty 
and power that can enrich the lives of those who confidently apply it (Frenkel, 2015). This 
study aimed to use empirical classroom evidence to understand how inquiry learning may 
influence students’ beliefs and attitudes towards mathematics.  
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The primary focus of data collection for this study was listening to students’ voices (Lobo & 
Vizcaino, 2006). Within this study, this took a number of forms including self-reported 
responses to surveys, responses to open-ended survey questions, responses to ill-
structured tasks, responses to interview questions, verbal and written defence of their 
positions when answering complex, real-world, ill-structured tasks, and general classroom 
conversation that occurred throughout a learning cycle.  
Through these various data sources, this study not only developed a picture of what types 
of beliefs and attitudes students in this class had towards mathematics, it also uncovered 
situations when students’ beliefs and attitudes were exposed, activated and challenged 
through engaging in a different learning style. The combination of these data sources 
provided support for addressing the research questions through a design experiment 
approach. Each question was answered using multiple sources of data and this improved 
the credibility of the conclusions. The next three chapters present these data and discuss 
possible areas of interest that arise from the data. 
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Chapter 5 
Results and Analysis Part 1 
Reporting of the results for this study will be broken into three chapters; (a) analysis of 
initial and final surveys and ill-structured tasks, (b) findings from classroom observations 
and interviews and (c) three case studies to examine the experiences of individual 
students.  
5.1 Introduction to Quantitative Results  
Students responded to two surveys; before and after the study was implemented. The 
Indiana Mathematics Beliefs Scales (IMBS) (Kloosterman and Stage, 1992) was designed 
to provide insight on the affective aspects of teaching and learning mathematics (Fujiwara, 
2007; Mason, 2003). The Maths Appreciation Survey (MAS) (Ward et al., 2010) included 
open-ended questions that assisted with a deeper understanding of student responses to 
the Likert style statements. The combination of the two surveys was seen to cover a wide 
range of beliefs associated with learning mathematics. The IMBS and MAS both had one 
overlapping subscale that was called usefulness, although the items for each survey were 
different.  
In addition to these surveys, students completed independent, ill-structured, mathematical 
tasks before and after the study was implemented. The tasks were based on the unit of 
work students had studied just prior to completing the task and were therefore different 
tasks. These ill-structured tasks were used to investigate and compare students’ 
proficiency with this type of question before and after they were exposed to an inquiry 
learning environment. Methods of analysis for these tasks have been outlined in the 
methodology chapter for this study and will not be repeated here. Reports of analysis will 
follow the sequence described below: 
1. Item analysis of initial IMBS 
2. Item analysis of initial MAS (including open-ended questions) 
3. Item analysis of initial ill-structured task 
4. Comparison of initial and final IMBS  
5. Comparison of initial and final MAS (including open-ended questions) 
6. Comparison of initial and final ill-structured tasks  
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5.2 Initial Results 
5.2.1 Analysis of Initial IMBS 
The initial responses for students from this class on the IMBS survey are shown in Table 
5.1 below. The items in this table have been sorted into their subscales as defined by 
Kloosterman and Stage (1992). The survey was presented as a Likert style response 
mechanism with the response of ‘strongly agree’ correlating to a ‘1’ and ‘strongly disagree’ 
correlating to a ‘5’ from left to right on the page.  
 
Table 5.1 
Initial results from IMBS (Key: Strongly Agree – 1, Strongly Disagree – 5), N=23 
Indiana Mathematical Belief Scales (IMBS) statements +/- Mean Adjusted Mean S.D. 
 Difficult Problems 
1 Math problems that take a long time don’t bother me. + 3.22 3.22 1.28 
7 If I can’t do a math problem in a few minutes, I probably 
can’t do it at all. - 3.78 2.22 0.74 
14 I feel I can do math problems that take a long time to 
complete. + 3.00 3.00 1.12 
21 I’m not very good at solving math problems that take a 
while to figure out. - 2.44 3.56 1.01 
24 I find I can do hard math problems if I just hang in there + 2.49 2.49 0.95 
31 If I can’t solve a math problem quickly, I quit trying. - 3.50 2.50 1.03 
Summary with polarity adjusted          2.83 1.02 
 Steps 
2 There are word problems that just can’t be solved by 
following a predetermined sequence of steps. + 2.78 2.78 0.95 
8 Word problems can be solved without remembering 
formulas. + 2.87 2.87 0.92 
15 Learning to do word problems is mostly a matter of 
memorizing the right steps to follow. - 3.52 2.48 0.87 
22 Memorizing steps is not that useful for learning to solve 
word problems. + 3.35 3.35 0.88 
25 Any word problem can be solved if you know the right 
steps to follow. - 3.08 2.92 0.95 
32 Most word problems can be solved by using the correct 
step-by-step procedure. - 3.12 2.88 0.74 
Summary with polarity adjusted 2.88 0.89 
 Understanding 
3 Time used to investigate why a solution to a math problem 
works is time well spent. + 2.74 2.74 1.18 
9 A person who doesn’t understand why an answer to a math 
problem is correct hasn’t really solved the problem. + 2.44 2.44 1.09 
16 In addition to getting a right answer in mathematics, it is 
important to understand why the answer is correct. + 1.96 1.96 0.83 
17 It’s not important to understand why a mathematical 
procedure works as long as it gives a correct answer. - 3.53 2.47 0.98 
27 Getting a right answer in math is more important than 
understanding why the answer works. - 3.41 2.59 1.03 
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33 It doesn’t really matter if you understand a math problem if 
you can get the right answer. - 3.64 2.36 1.01 
Summary with polarity adjusted 2.43 1.02 
 Word Problems 
4 A person who can’t solve word problems really can’t do 
math. + 3.68 3.68 0.95 
10 Computational skills are of little value if you can’t use them 
to solve word problems. + 3.64 3.64 0.88 
12 Word problems are not a very important part of 
mathematics. - 2.64 3.36 0.69 
18 Computational skills are useless if you can’t apply them to 
real life situations. + 2.84 2.84 1.04 
28 Learning computational skills is more important than 
learning to solve word problems - 3.02 2.98 0.94 
34 Math classes should not emphasize word problems. - 3.02 2.98 0.86 
Summary with polarity adjusted 3.25 0.86 
 Effort 
5 By trying hard, one can become smarter in math. + 2.49 2.49 1.09 
11 Working can improve one’s ability in mathematics. + 2.49 2.49 1.09 
19 I can get smarter in math if I try hard. + 1.91 1.91 0.86 
23 I can get smarter in math by trying hard. + 2.00 2.00 0.86 
29 Ability in math increases when one studies hard. + 2.42 2.42 0.83 
35 Hard work can increase one’s ability to do math. + 1.87 1.87 0.63 
Summary with polarity adjusted 2.20 0.89 
 Usefulness 
6 I study mathematics because I know how useful it is + 2.83 2.83 1.34 
13 Knowing mathematics will help me earn a living. + 2.52 2.52 1.16 
20 Mathematics is a worthwhile and necessary subject. + 2.73 2.72 1.04 
26 Studying mathematics is a waste of time. - 3.61 2.67 1.08 
30 Mathematics will not be important to me in my life’s work. - 3.13 2.87 1.23 
36 Mathematics is of no relevance to my life. - 3.65 2.35 1.19 
Summary with polarity adjusted 2.66 1.17 
 
The IMBS is categorised into six subscales that comprise of six items for each subscale. 
Students’ initial responses were adjusted for the polarity of the question and then 
averaged for this class. The polarity refers to whether or not the question was asked in a 
negative or positive way. A mean of three or below indicated the responses were neutral to 
positive and a mean of three and higher indicated the responses were neutral to negative. 
Student responses from this class indicated positive means to five of the six subscales. 
The word problems scale elicited an average, negative response (M = 3.25, SD = 0.86).  
Irregularities in direction and standard deviations of the subscale defined as word 
problems has been noted in a number of research projects that have used the IMBS 
(Fujiwara, 2007; Kloosterman & Stage, 1992; Mason, 2003). This may be attributed to 
discrepancies from the respondents’ differing understanding of the terms used in this 
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subscale, such as the term, ‘word problems’ itself (Kloosterman & Stage, 1992, p. 113). 
Mason (2003) found the reliability of the word problems subscale was too low (α= .27) and 
disregarded the results for her study. However, the irregularity of the word problems 
subscale may have been less pronounced for the students in this study. The Queensland 
school system had a clear focus on the use of language rich mathematical questions. For 
example, the students in this study were in a subject called Maths A. All assessment in 
Maths A was defined as having three strands; (1) Knowledge and Understanding, (2) 
Modelling and Problem Solving and (3) Communication and Justification. The second and 
third strands promoted the use of language-based problems to stimulate students’ problem 
solving abilities and real-world applicability. This suggested that students did have 
exposure of the concept of word problems as described in the IMBS survey. For these 
reasons, the results for the word problems subscale have been treated the same as the 
other subscales throughout this study, despite the apparent difference in mean response 
from the students. It is also possible to argue that this subscale may have had greater 
room for significant, upward change throughout the study as ill-structured, inquiry learning 
units may be categorised by the students as word problems. 
Results for the initial IMBS showed that the effort subscale had the most positive initial 
response from students in this class (M = 2.20, SD = 0.89). Two of the six statements in 
this subscale averaged between agree and strongly agree, indicating that students felt 
more certain about the aspects associated with these statements. For example, the 
statement, “Hard work can increase one’s ability in mathematics,” averaged as the most 
positive response on the initial IMBS survey (M = 1.87, SD = 0.63). Three students were 
undecided about this statement but the rest of the class either agreed or strongly agreed 
and no students disagreed. The IMBS questions, “I can get smarter in math if I try hard,” 
and, “I can get smarter in math by trying hard,” were responded to in a similar way with 
nearly all students agreeing with these statements. Kloosterman and Stage (1992) 
expressed their view that responses to the subscale called effort are tied closely with the 
respondent’s own motivation to learn mathematics. Dweck’s (2000) research also found 
that students with a belief that intelligence was fixed displayed lower levels of motivation. 
The high result in this subscale suggested that most of these students associated high 
levels of effort with success in learning mathematics.  
The second highest response rate on the initial IMBS was for the subscale called, 
understanding. On average, students in this class agreed with statements such as, “In 
addition to getting a right answer in mathematics, it is important to understand why the 
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answer is correct,” (M = 1.96, SD = 0.93). In total, 3 students disagreed with this statement, 
13 students agreed and 7 strongly agreed. This suggests that the majority of students in 
this class (87%) initially valued the understanding of mathematical questions. Encouraging 
a deep understanding in mathematical tasks has been linked to improvements in students’ 
persistence and curiosity (Bloom, 2007; Ward et al., 2010). 
5.2.2 Analysis of Initial MAS  
As can be seen in Table 5.2 below, the MAS is broken into three subscales with a different 
number of items in each subscale. The MAS was coded differently to the IMBS with 
‘strongly disagree’ being coded as a ‘1’ and ‘strongly agree’ as a ‘5’ from left to right across 
the page. Initial results indicate that student responses for two of the subscales, 
usefulness and creativeness, averaged in the neutral-to-agree range and one subscale, 
attitude, averaged in the neutral-to-disagree range.   
Table 5.2 
Initial results from MAS (Key: Strongly Agree – 5, Strongly Disagree – 1), N=23 
Mathematics Appreciation Survey (MAS) statements +/- Mean Adjusted Mean S.D. 
 Usefulness 
1: I expect to use the mathematics that I learn in this 
course in my future career. + 3.13 3.13 1.06 
2: It is not important to know mathematics in order to get a 
good job. 
- 2.43 3.57 0.90 
9: Mathematics is useful in solving everyday problems. + 3.30 3.30 1.26 
10: Very little of mathematics has practical use on the job. - 3.09 2.91 1.14 
15: The content of this course will be useful in my future. + 3.26 3.26 1.05 
16: There is no value in studying proofs in mathematics. - 2.48 3.52 0.87 
17: I already know enough mathematics to get a good job. - 3.14 2.86 1.02 
20: Proofs are essential to the understanding of 
mathematics. 
+ 3.48 3.48 0.95 
Summary with polarity adjusted 3.25 1.03 
 Creativeness 
3: Trial and error can often be used to solve a 
mathematics problem. 
+ 3.96 3.96 0.82 
4: Learning mathematics involves mostly memorizing. - 3.39 2.61 1.08 
6: Mathematics is a good field for creative people. + 2.30 2.30 1.07 
11: There is little place for originality in solving 
mathematics problems. 
- 3.52 2.48 1.14 
12: There are many different ways to solve most 
mathematics problems. 
+ 3.45 3.45 0.96 
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14: New discoveries in mathematics are constantly being 
made. 
+ 3.56 3.56 0.91 
19: Mathematics is mostly learning about numbers. - 2.83 3.17 0.92 
Summary with polarity adjusted 3.08 0.99 
 Attitude 
5: I am looking forward to taking more mathematics. + 2.43 2.43 0.94 
7: No matter how hard I try, I still do not do well in 
mathematics. 
- 2.67 3.33 0.94 
8: Mathematics is harder for me than for most people. - 3.04 2.96 0.95 
13: If I had my choice, this would be my last mathematics 
course. 
- 3.52 2.48 1.20 
18: I am good at solving mathematical problems. + 2.67 2.67 0.87 
Summary with polarity adjusted 2.77 0.98 
 
The subscale defined as attitude consisted of five statements designed to be about the 
individual respondent and their attitude towards mathematics. Within this subscale, 
students in this class were relatively neutral about the statement, “Mathematics is harder 
for me than for most people,” (M = 2.96, SD = 0.95). For the initial survey, 8 of the 23 
students agreed with this statement, 7 disagreed, 7 reported that they were undecided and 
only 1 student strongly disagreed. For the statement, “If I had my choice this would be my 
last mathematics course,” five students strongly agreed, eight students agreed, six were 
undecided and four students either disagreed or strongly disagreed (M = 2.48, SD = 1.20). 
The individual responses to these two statements above indicate that initially some 
students may have had low self-efficacy and low appreciation for the role of mathematics 
for their future careers. It should be noted that students in this class have self-selected to 
study Maths A. Maths A is not a sufficient pre-requisite for high level mathematics and 
engineering courses at university as it does not contain calculus.  
Overall the results for the attitude subscale do appear to be lower than the other two 
subscales for the MAS. Part of this research was to expose students to alternative ways of 
learning, specifically the guided inquiry learning method. This was experienced through 
three inquiry units and these units all focused on contextualising and connecting to student 
experience. Linking student experiences to their learning has been shown to improve 
attitude towards mathematics (Boaler, 1998; Taylor, 2009). Therefore it is feasible to 
hypothesise a significant, positive movement in this subscale may occur due to the 
significantly low starting point. 
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Within the subscale defined as creativeness, students’ responses to the statements 
appeared to be variable. For example, students responded to the statement, “Trial and 
error can often be used to solve a mathematics problem,” (M = 3.96, SD = 0.82), produced 
the highest positive, average response on the MAS. While the students in this class may 
not link trial and error with creativity, trial and error can be viewed as an experimental 
process (Koichu, 2014) that allows for creativity when solving mathematical problems. Yet 
when presented with the statement, “Mathematics is a good field for creative people,” (M = 
2.30, SD = 1.07), the lowest average response on the MAS was reported. For this reason, 
analysis of final results for this subscale will need to consider the responses to individual 
questions to support any significant movement in means pre- and post-inquiry units. 
The subscale of usefulness may be argued to be problematic for this group of high school 
students as it uses the word ‘proofs’ in two of the statements. Proofs are not formally 
studied in Maths A and therefore students may not have known what this term meant. 
Originally the open-ended questions used as part of the MAS contained a question about 
‘proofs,’ but this was adjusted to the term ‘problems’ for these reasons stated above. The 
term, ‘proofs’ was included in the survey statements to ensure results remained consistent 
with other research projects that used the MAS. 
As part of the MAS, students answered four open-ended questions that were designed to 
explore aspects of the survey questions. Ward et al. (2010) coded responses to each of 
the open-ended questions and the description of these codes can be found in the tables 
below (Table 5.3, 5.4, 5.5 & 5.6). Responses from the students in this study were all 
categorised within these codes, without the need for creation of new codes for responses. 
Some answers from students contained aspects that could be interpreted to belong to 
more than one code. In these circumstances the students had all used an initial concept to 
justify a final concept and the students’ final concept was regarded as their response.  
Coded responses were grouped into categories that reflect the nature of this study. Using 
Skemp’s (1976) notion of instrumental versus relational knowledge, categories of 
‘instrumental/rules’ and ‘application/understanding’ were designed to separate the 
responses of students into what can be regarded as sophisticated or naïve responses.  A 
third category ‘don’t know/negative’ was designed to capture responses that could not be 
classified as sophisticated or naïve. Initial responses from students to the question, “How 
would you respond to someone who asks, ‘What is mathematics’?” are shown in Table 5.3 
below.  
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Table 5.3 
MAS open-ended Question 1 (What is mathematics?). 
Category Code Code Description n 
Don’t Know / 
Negative NEGTV Negative answer 0 
Summary   0 
Instrumental / 
Rules 
FORM Formulas, equations, relationships 4 
LANG Language, system, rules 1 
NUMR Numbers, calculations, manipulation 6 
SOVPR Solution, solve problem 3 
Summary   14 
Application / 
Understanding 
CRITH Critical thinking, logic 3 
CREER Career, job 1 
ELIFE Everyday life 3 
QUANTR Quantitative reasoning 1 
WORLD Explain world, universe 1 
Summary               9 
While the highest proportion of students indicated that mathematics was about numbers, 
the overall results show responses that fell within all the designated codes, except the 
NEGTV, or negative response code. One student responded with a single word answer, 
“Numbers,” which was coded as NUMR, however most students wrote a more detailed 
response such as, “Maths is about learning numbers.” The narrow view of mathematics as 
a study of numbers has been highlighted in other research (Quantitative Literacy Design 
Team, 2001). Students who responded with answers that were categorised as 
application/understanding used phrases such as, “Essential in everyday life.” This 
response was coded as ELIFE. 
The second question was redesigned from its original form as constructed by Ward et al. 
(2010). Students were asked, “What does it mean to understand a mathematical problem?” 
While this question may not support the results from the MAS for the usefulness subscale, 
it was envisaged that it would give insight to student’s depth of understanding of the nature 
of mathematics as defined by Kloosterman and Stage (1992). The question may also 
provide further insight to questions from the IMBS such as, “Math problems that take a 
long time don’t bother me.” 
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For the second open-ended question the highest proportion of students (Table 5.4) 
indicated that they thought understanding the problem meant you had correctly answered 
the problem. For example, one student wrote, “You’re able to see how the equation works 
and get the answer you wanted,” which was classified as SOVPR. The tendency to focus 
on the answer in mathematics is associated with naïve beliefs about the nature of 
mathematics (Schoenfeld, 1992). In contrast, relatively few students responded in a way 
that could be coded as HOWHY, or understanding how and why a problem has been 
solved. One student wrote, “Understanding why you got the answer,” and this was 
classified as HOWHY. While the majority of student responses were classified as 
instrumental/rules, some students did break their thinking down further by explaining, “To 
understand a mathematical problem not only means to get the correct answer but also 
understand the steps in getting the answer,” and, “It is to compress the question, then 
show the steps to achieve the end result.”  
Table 5.4 
MAS open-ended Question 2 (What does it mean to understand mathematics?) 
Category Code Code Description n 
Don’t Know / 
Negative DKNO I don’t know 1 
Summary   1 
Instrumental / 
Rules 
RULES Rules 2 
SOVPR Solution, solve problem 10 
STEPS Steps, beginning to end 6 
Summary   18 
Application / 
Understanding 
HOWHY How and why 3 
LOGIC Logic, reasoning 1 
       Summary                           4 
The third question from the MAS open-ended questions asked students to respond to the 
question, “Explain the role of critical thinking when doing a problem that involves 
mathematics.” As can be seen in Table 5.5 below, the responses were quite diverse and 
fell within all of the pre-designed codes. Three students from this class did not write a 
response to this question although they answered the other three open-ended questions. 
Four students responded by saying they did not understand the question or didn’t know 
how to respond. Some responses also showed an apparent lack of understanding of the 
term ‘critical thinking’ such as one response, “Critical thinking is more knowledge than 
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modelling and justification.” Within the three criteria used to teach and assess students in 
Maths A, critical thinking would generally be regarded as being a component of modelling 
and/or justification rather than of the knowledge criteria, so the student has displayed a 
lack of understanding of what critical thinking is. This response was classified as SOVPR.  
Table 5.5 
MAS open-ended Question 3 (Explain role of critical thinking) 
Category Code Code Description n 
Don’t Know / 
Negative 
DKNO I don’t know 4 
NEGTV Negative answer 1 
Summary   5 
Instrumental / 
Rules 
EVAN Evaluate, analyse 1 
SOVPR Solution, solve problem 4 
STEPS Steps, beginning to end 2 
Summary   7 
Application / 
Understanding 
CHECK Check answer, validate 1 
CREAT Creative, outside the box 1 
DIFBA Different, best approach 2 
LOGIC Logic, reasoning 4 
         Summary                           8 
Some students did appear to understand the question clearly. One student responded by 
arguing, “You can’t really think outside of the square,” which suggests that she fully 
understood the question and was suggesting that critical thinking does not play a 
significant role in mathematics.  Some student responses were classified as 
application/understanding, with responses such as, “Being able to see other possible ways 
of doing a problem,” that was classified as DIFBA. 
Table 5.6 below shows the responses to the fourth open-ended question. This question 
was designed to illicit responses about students’ perceived usefulness of mathematics 
through answering the question, “What reasons would you give to someone for studying 
mathematics?” The majority of students responded by stating things such as, “That it is a 
life tool. Mostly every job you go into you will need to understand and solve maths 
problems.” This comment was regarded as falling into the CREER code. One student’s 
comment was, “To help you get through everyday situations,” and this was classified as an 
ELIFE response. 14 of the 21 responses were in one of the above two codes and were 
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similar to these two examples.  17 of the 23 student responses were categorised as 
application/understanding. This suggests that the majority of students in this class may 
have a relatively sophisticated understanding of why mathematics is important to them and 
the role of mathematics in society more generally. This aligns with the student responses 
on the MAS statements within the subscale of usefulness which had a relatively high 
response average on the initial survey. This question also elicited the highest number of 
negative responses.  
Table 5.6 
MAS open-ended Question 4 (What reasons for studying mathematics?) 
Category Code Code Description n 
Don’t Know / 
Negative NEGTV 
Negative answer 3 
Summary   3 
Instrumental / 
Rules 
FUN Fun, patterns 0 
SOVPR Solution, solve problem 3 
Summary   3 
Application / 
Understanding 
CREER Career, job 7 
ELIFE Everyday life 7 
IMPMD 
Improve logical, critical thinking, 
develop mind 3 
KNOW Expand knowledge 0 
      Summary                                 17 
While it can be argued that this group of students may have already possessed a fairly 
sophisticated understanding of the usefulness of mathematics, there did appear to be 
individuals who may have been challenged by units of work that are designed to connect 
with their life experience. For example, no students in this class wrote responses that were 
categorised as FUN. Ward et al. (2010) noted that a lack of enjoyment for learning 
mathematics was one of the key reasons that students at university claimed to not 
continue with studying mathematics. So while the majority of this class of students did 
claim to see the application of mathematics in their careers or everyday life, none of them 
have chosen to answer this question by stating that mathematics is fun.  
5.2.3 Analysis of Initial Ill-structured Task 
In addition to the two surveys, students were asked to independently complete a short, ill-
structured mathematical task. At the time students were asked to complete the initial task 
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they had just finished studying a unit of Maths A that focused exclusively on box and 
whisker plots, including stacked box and whisker plots. As well as studying this unit of 
work, students had completed an extended assignment activity that required the 
representation of raw data in stacked box and whisker plots. For these reasons the ill-
structured task presented to students incorporated these graph types. 
Figure 5.1 below shows the graph used in the ill-structured task. Students were asked a 
question about the participation rates from two sporting houses at their school. The lower 
box and whisker plot can be described as having a 3rd quartile and maximum value which 
are equivalent. The unusual nature of the graph could also be explained in other ways, for 
example, by saying that the creator of the graph did not have the data available or the 
information was cut off during copying.  
Event participation per student for two sports houses. 
                
        
            
 
      
 
Figure 5.1. Initial ill-structured task. 
The teacher expressed her belief that students had not seen a data set or box and whisker 
graph that had these characteristics during their study or assignment. The task was 
considered to be ill-structured as it was novel and contained ambiguity in regard to the 
‘missing’ whisker. The purpose of this task was to ascertain how students dealt with this ill-
structured aspect of the question. Students were explicitly told that the second box and 
whisker plot had an unusual characteristic. 
The ways students responded to the ill-structured aspect of the question were categorised 
and then codes were designed based on developed categories. Students’ results have 
been presented in the Table 5.7 below to show the range and frequency of the responses. 
0 8 10 12 14 162 4 6 
Orion 
Antares 
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As can be seen in Table 5.7, the majority of students tended to either challenge the 
question or not refer to the ill-structured aspect at all. For example, students who 
challenged the question wrote statements such as, “I cannot judge the range because of 
the incomplete graph.” or, “The box and whisker plot is missing one of its required 5 points.” 
The students who responded in this way reached an impasse. They did not continue with 
the question or provide alternative solutions past this point. 
Table 5.7 
Initial results from ill-structured task 
Code Code Description Initial 
Challenge Q Student challenged the question and did not progress 9 
No Mention Student made no mention of ill-structured aspect, impasse was not overcome 11 
Misinterpretation Student misinterpreted the ill-structured aspect 2 
Provided Hypoth Student provided a hypothesis for the ill-structured aspect 1 
Total            23 
Only one student provided a hypothesis about the missing section of the graph by saying, 
“Perhaps the HS [highest score] of the second graph is 13.” This student then continued to 
answer the question basing his answers on this hypothesis.  
A large proportion of students from this class (11/23) attempted to answer the question 
without mentioning the ill-structured aspect at all. Some of these students used arguments 
about aspects of the median and interquartile range that were accurate interpretations of 
some of the data that was presented, however all of these 11 students reached an 
impasse and were unable to continue. The lack of skill in solving these anomalies and 
impasses was expected from students who have had little exposure to this problem type 
(Makar, 2012). Students appeared to be expecting some further information throughout the 
lesson and many students wrote a response only after the researcher stated, “Two more 
minutes.” Exposure to real-world, messy questions was therefore expected to present 
challenges to students during the study of the inquiry units. 
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5.3 Final Survey and Ill-Structured Task Data  
The final results for the surveys and ill-structured task have been included below to assist 
with initial and final comparative analysis. Students were presented with the same survey 
and open-ended questions; however the ill-structured task was altered to match the unit of 
work they had been studying at the time of administration. The final surveys and tasks 
were completed approximately 18 months after the initial surveys and tasks. 
5.3.1 Comparison of Initial and Final IMBS  
Table 5.8 below shows the final survey summary of individual statements and subscales 
for the IMBS. Question 8 showed a downward shift in the average response to the 
statement, “Word problems can be solved without remembering formulas.” The students’ 
interpretation of this question may have been problematic.  
Table 5.8 
Results from final IMBS (Key: Strongly Agree – 1, Strongly Disagree – 5), N=23 
Indiana Mathematical Belief Scales (IMBS) statements 
+/- Mean Adjusted Mean S.D. 
 Difficult Problems 
1 Math problems that take a long time don’t bother me. + 3.38 3.38 0.97 
7 If I can’t do a math problem in a few minutes, I probably 
can’t do it at all. - 3.48 2.52 0.97 
14 I feel I can do math problems that take a long time to 
complete. + 2.71 2.71 0.90 
21 I’m not very good at solving math problems that take a 
while to figure out. - 2.67 3.33 0.97 
24 I find I can do hard math problems if I just hang in there + 2.61 2.81 0.87 
31 If I can’t solve a math problem quickly, I quit trying. - 3.24 2.76 1.14 
Summary with polarity adjusted 2.89  0.97 
 Steps 
2 There are word problems that just can’t be solved by 
following a predetermined sequence of steps. + 3.10 3.10 0.94 
8 Word problems can be solved without remembering 
formulas. + 3.48 3.48 0.87 
15 Learning to do word problems is mostly a matter of 
memorizing the right steps to follow. - 3.12 2.88 0.81 
22 Memorizing steps is not that useful for learning to solve 
word problems. + 2.60 2.60 0.85 
25 Any word problem can be solved if you know the right 
steps to follow. - 3.29 2.71 0.85 
32 Most word problems can be solved by using the correct 
step-by-step procedure. - 3.33 2.67 0.73 
Summary with polarity adjusted 2.90  0.84 
 Understanding 
3 Time used to investigate why a solution to a math problem 
works is time well spent. 
+ 2.43 2.43 0.68 
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9 A person who doesn’t understand why an answer to a 
math problem is correct hasn’t really solved the problem. 
+ 2.22 2.22 1.14 
16 In addition to getting a right answer in mathematics, it is 
important to understand why the answer is correct. 
+ 1.71 1.71 0.78 
17 It’s not important to understand why a mathematical 
procedure works as long as it gives a correct answer. 
- 3.27 2.73 1.18 
27 Getting a right answer in math is more important than 
understanding why the answer works. 
- 3.62 2.38 0.96 
33 It doesn’t really matter if you understand a math problem 
if you can get the right answer. 
- 3.27 2.73 0.93 
Summary with polarity adjusted 2.37  0.95 
 Word Problems 
4 A person who can’t solve word problems really can’t do 
math. 
+ 3.71 3.71 0.46 
10 Computational skills are of little value if you can’t use 
them to solve word problems. 
+ 3.50 3.50 0.83 
12 Word problems are not a very important part of 
mathematics. 
- 2.94 3.06 0.93 
18 Computational skills are useless if you can’t apply them 
to real life situations. 
+ 3.21 3.21 0.96 
28 Learning computational skills is more important than 
learning to solve word problems 
- 2.74 3.26 0.86 
34 Math classes should not emphasize word problems. - 2.74 3.26 1.10 
Summary with polarity adjusted 3.33  0.86 
 Effort 
5 By trying hard, one can become smarter in math. + 2.20 2.20 1.12 
11 Working can improve one’s ability in mathematics. + 2.10 2.10 0.97 
19 I can get smarter in math if I try hard. + 2.03 2.03 0.79 
23 I can get smarter in math by trying hard. + 2.12 2.12 0.79 
29 Ability in math increases when one studies hard. + 2.06 2.06 0.82 
35 Hard work can increase one’s ability to do math. + 2.15 2.15 0.65 
Summary with polarity adjusted 2.11 0.86 
 Usefulness 
6 I study mathematics because I know how useful it is + 2.81 2.81 1.25 
13 Knowing mathematics will help me earn a living. + 2.40 2.40 1.06 
20 Mathematics is a worthwhile and necessary subject. + 2.68 2.68 0.98 
26 Studying mathematics is a waste of time. - 3.81 2.19 0.93 
30 Mathematics will not be important to me in my life’s work. - 3.57 2.43 0.93 
36 Mathematics is of no relevance to my life. - 3.57 2.43 0.98 
Summary with polarity adjusted 2.49 1.02 
 
A downward shift in question 8 is reinforced by the change in response to question 2. 
Question 2 had the overall greatest shift and stated, “There are word problems that just 
can’t be solved by following a predetermined sequence of steps.” On average initial 
responses suggested students tended to agree with this question (M = 2.78, SD = 0.95) 
whereas on the final survey students tended to disagree (M = 3.10, SD = 0.94). One way 
to interpret this would be to argue that students’ perception of how to approach word 
problems had evolved so they reported more self-confidence with solving this problem 
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type. Before they had been explicitly taught the guided inquiry process they may have 
been less cognitively aware of the process they were following to solve complex, word 
problems and afterwards they may feel they have the tools to follow the process of guided 
inquiry to solve these question types. 
Question 30 states, “Mathematics will not be important to my life’s work,” and this 
statement showed the second highest level of change in student responses. Initially nine 
students from this class either agreed or strongly agreed with this statement. By the time 
of the final survey this number had reduced to three students agreeing and no students 
strongly agreeing. This provides evidence that there may have been a shift in students 
thinking about the relevance of mathematics for their careers. There was also a slight 
improvement in Question 26 that stated, “Studying mathematics is a waste of time. Initially 
students disagreed with the statement (M = 3.61, SD = 1.08) and they more strongly 
disagreed with this statement on the final survey (M = 3.81, S.D. = 0.93).  
To compare initial and final survey results, the means for each question were added to 
give an overall score of between 6 and 30. This method has been used by other 
researchers who utilised the IMBS (Kloosterman & Stage, 1992; Lee, 2006; Mason, 2003,) 
and is easier to interpret. Table 5.9 below presents these results in comparison to the 
initial IMBS survey responses from this class. Each of the subscale means and standard 
deviations for the initial and final IMBS surveys were tested for significant change using a 
paired, two-tailed, t-test measurement.  
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Table 5.9 
Comparison of initial and final IMBS subscales: Paired t-test. (N=23) 
Subscale 
(Scores 6-30) 
Initial 
Mean 
Initial 
S.D. 
Final 
Mean 
Final 
S.D. 
Mean 
Difference 
S.D. 
Diff. t Stat 
P- 
value 
Difficult Problems 17.61 4.63 18.30 4.68 0.70 4.06 -0.82 0.420 
Steps 17.08 3.19 17.26 3.02 0.17 2.23 -0.37 0.712 
Understanding 13.96 4.02 13.48 3.64 -0.48 3.20 0.72 0.481 
Word Problems 19.96 2.53 20.78 2.81 0.83 3.31 -1.19 0.244 
Effort 12.30 3.17 11.87 3.25 -0.43 3.24 0.64 0.527 
Usefulness 16.30 5.95 14.39 4.72 -1.91 4.39 2.09* 0.048* 
*p< 0.05 
It was found that only the subscale of usefulness showed any significant change with 
t(22)= 1.99, p = .048. This suggests that student attitudes and beliefs in regard to the 
usefulness of mathematics for their futures changed across the 18 months of the study. As 
the inquiry units of work only consisted of around one fifth of the course for students, 
causality is not attributed to the learning style presented as part of this study. However, it 
could be argued that these inquiry-based units may have contributed to this change and 
suggests further exploration is needed of how this learning style may have impacted 
students’ beliefs and attitudes towards mathematics. The low number of participants may 
have contributed to other subscales showing less change across the study. 
5.3.2 Comparison of Initial and Final MAS 
In a similar way, the results from the MAS survey are included below in Table 5.10 below 
to assist with final comparisons. Of the 20 questions on this survey, question 6 had the 
most significant change from initial to final surveys. Students appeared more positive 
about the statement, “Mathematics is a good field for creative people,” after the 18 months 
of this study. While the inquiry units only form part of the learning students received in 
Maths A, it can be argued that the inquiry units were likely to have contributed to this shift 
as the inquiry units allowed students to explore alternative solutions and encouraged 
creativity. 
Questions 2 and 9 had the second and third most individual change in student responses 
when comparing initial to final surveys. As can be seen in Table 5.10, these questions 
related directly to the usefulness of mathematics in the future. On the initial survey nine 
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students either disagreed or strongly disagreed with the statement, “Mathematics is useful 
in everyday life.” By the time of the final survey, only one student disagreed with this 
statement. The change in response will serve as a focus for results presented in the next 
two chapters as this study seeks to explore the ways inquiry-based learning may be 
challenging students’ beliefs and attitudes towards mathematics. 
Students’ summary of responses to the statement, “No matter how hard I try, I still do not 
do well in mathematics,” actually decreased, indicating that students were expressing a 
possible helplessness in regard to improving their mathematics ability or outcomes (Taylor, 
2009). While this appears to contradict other results in this subscale, the result provides an 
area of focus for exploring the conversations and experiences of students who are 
exposed to ill-structured tasks throughout the course of this study. 
Table 5.10 
Results from final MAS (Key: Strongly Agree – 5, Strongly Disagree – 1), N=23 
Mathematics Appreciation Survey (MAS) statements +/- Mean Adjusted Mean S.D. 
 Usefulness 
1: I expect to use the mathematics that I learn in this 
course in my future career. + 3.29 3.29 1.06 
2: It is not important to know mathematics in order to 
get a good job. - 2.86 3.14 1.15 
9: Mathematics is useful in solving everyday 
problems. + 3.71 3.71 0.78 
10: Very little of mathematics has practical use on 
the job. - 2.80 3.20 1.05 
15: The content of this course will be useful in my 
future. + 3.43 3.43 1.12 
16: There is no value in studying proofs in 
mathematics. - 2.62 3.38 0.65 
17: I already know enough mathematics to get a 
good job. - 2.80 3.20 1.05 
20: Proofs are essential to the understanding of 
mathematics. + 3.57 3.57 0.88 
Summary with polarity adjusted      3.42  0.92 
 Creativeness 
3: Trial and error can often be used to solve a 
mathematics problem. + 3.95 3.95 0.89 
4: Learning mathematics involves mostly 
memorizing. - 3.37 2.63 0.97 
6: Mathematics is a good field for creative people. + 2.90 2.90 1.18 
11: There is little place for originality in solving 
mathematics problems. - 3.23 2.77 0.87 
12: There are many different ways to solve most 
mathematics problems. + 3.53 3.63 0.99 
14: New discoveries in mathematics are constantly + 3.53 3.63 0.90 
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being made. 
19: Mathematics is mostly learning about numbers. - 2.52 3.48 1.01 
Summary with polarity adjusted      3.17  0.99 
 Attitude 
5: I am looking forward to taking more mathematics. + 2.52 2.52 1.01 
7: No matter how hard I try, I still do not do well in 
mathematics. - 2.29 3.71 1.05 
8: Mathematics is harder for me than for most 
people. - 2.81 3.19 1.21 
13: If I had my choice, this would be my last 
mathematics course. - 3.57 2.43 1.12 
18: I am good at solving mathematical problems. + 3.15 3.15 1.14 
Summary with polarity adjusted      3.00  1.11 
 
Table 5.11 below shows the comparisons of initial and final responses for the MAS. 
Results for each question were added within a subscale to give overall scores for the 
subscale. As each subscale contained a different number of questions, the range for each 
subscale is different. These ranges are indicated in Table 5.11; higher scores are 
considered more positive.  This approach to overall subscale means was utilised by Ward 
et al. (2010), the creators of the survey. The means of all three subscales for the MAS 
shifted. Means and standard deviations for the MAS survey were compared using a paired 
t-test for initial and final survey responses. As can be seen in Table 5.11 below, the 
subscale called usefulness showed a significant change t(23)= -1.99, p = .047. This aligns 
with the results from the IMBS survey and adds validity to the findings of both surveys that 
indicates a possible, significant shift in students’ attitudes and beliefs about the usefulness 
of mathematics to their lives and for their future. Again this cannot be said to be solely 
attributed to the implementation of the inquiry units of work and that is not the claim or 
thesis of this study. 
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Table 5.11  
Comparison of initial and final MAS: Paired t-test. (N=23). 
Subscale 
(Range) 
Initial  
Mean 
Initial 
S.D. 
Final 
Mean
Final 
S.D. 
Mean 
Difference 
S.D. 
Diff t Stat 
P-
value 
Usefulness 
(8-40) 
26.13 4.79 27.34 3.84 1.21 2.78 -2.10* 0.047* 
Creativeness 
(7-35) 
21.09 2.09 21.52 3.47 0.43 2.35 -0.89 0.385 
Attitude 
(5-25) 
13.78 3.45 14.70 3.54 0.91 2.19 -1.99 0.058 
*p< 0.05 
As can be seen in Table 5.11 above, the subscale of attitude also showed a possible 
increase that approaches significance with t(23)= - 1.90, 2-tailed significance of p= .058. 
Further research involving larger numbers of participants may show significant 
improvements in this subscale. 
As part of the final MAS survey, students were given the same four open-ended questions 
that they were presented before the inquiry units were studied. The comparisons of initial 
and final responses have been shown in tabular form for each of these four questions to 
assist with discussions about possible changes to student positions. Results are analysed 
using descriptive statistics as the low number of participants does not support inferential 
comparisons. Not all open-ended questions were answered by students in either the initial 
or final survey for these questions. 
As previously discussed in section 5.2, categories were designed to group the coded 
responses. Initially a number of students answered the first open-ended question, “What is 
mathematics,” with a response that was coded as ‘numbers, calculations and manipulation’ 
(NUMR). The frequency of responses within this code reduced from six students to two 
students by the time of the final survey, as represented in Table 5.12 below.  
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Table 5.12 
Comparison of initial and final MAS open-ended Question 1 (What is mathematics?). 
Category Code Code Description Initial Final 
Don’t Know / 
Negative NEGTV Negative answer 0 1 
Summary   0 1 
Instrumental / 
Rules 
FORM Formulas, equations, relationships 4 3 
LANG Language, system, rules 1 0 
NUMR Numbers, calculations, manipulation 6 2 
SOVPR Solution, solve problem 3 5 
Summary   14 10 
Application / 
Understanding 
CRITH Critical thinking, logic 3 2 
CREER Career, job 1 3 
ELIFE Everyday life 3 6 
QUANTR Quantitative reasoning 1 0 
WORLD Explain world, universe 1 1 
Summary   9 12 
 
Results also show that while only three students related this question to matters of 
‘everyday life’ (ELIFE) on the initial survey, this had doubled by the time of the final survey. 
It appears that some students were more able to see the relevance of the mathematics 
they had learned to their everyday life. Four fewer student responses fell within the 
category of ‘instrumental/rules’ when comparing initial and final survey results. This may 
indicate a shift for some of the individual students’ attitudes and beliefs about the nature of 
mathematics. 
Table 5.13 below shows the comparison of initial and final responses to the second open-
ended MAS question. The number of students answering this question with a response 
that was coded as ‘how and why’ (HOWHY) changed from three students on the initial 
survey to nine students at final survey. There was coupled with fewer student responses 
coded as ‘solution, solve problem’ (SOVPR) with 10 students responding this way on the 
initial survey and 4 students at final survey.  
It does appear from this analysis of Table 5.13 that some students thinking about 
understanding a mathematical problem may have shifted from the notion of finding the 
correct answer to knowing the ‘how and why’ of the problem. This is supported by 
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individual responses from students on the final, open-ended questions with responses 
such as, “To understand why the answer is correct,” and, “It means that you understand 
every step and why you are doing it and not just the answer.” This result can also be 
argued to align with the shift in student’s responses to the MAS Likert scale statements for 
the subscale of usefulness. 
Categories of responses showed shifts with 10 fewer students responding with statements 
that can be regarded as ‘instrumental/rules’ on the final survey when compared to the 
initial survey. This corresponded with an increase of nine students in the category of 
application/understanding across the study.  
Table 5.13 
Comparison of initial and final MAS open-ended Question 2 (What does it mean to 
understand mathematics?) 
Category Code Code Description Initial Final 
Don’t Know / 
Negative DKNO 
I don’t know 1 2 
Summary   1 2 
Instrumental / 
Rules 
RULES Rules 2 1 
SOVPR Solution, solve problem 10 4 
STEPS Steps, beginning to end 6 3 
Summary   18 8 
Application / 
Understanding 
HOWHY How and why 3 9 
LOGIC Logic, reasoning 1 4 
Summary   4 13 
 
As discussed previously, the third open-ended question from the MAS appeared to be 
problematic for students. Only 20 students from the class responded to this question and 6 
student’s responses on the final survey were categorised as don’t know/negative. Three 
students wrote negative responses to this question on the final survey. One student whose 
response was categorised as ‘negative’ (NEGTV) wrote, “There hasn’t seemed to have 
been a great deal in the last 12 years.”  
Final responses, shown below in Table 5.14, did not differ to initial responses by more 
than three students in any individual code. The number of student responses categorised 
as ‘instrumental/rules’ decreased by five students and the number of responses 
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categorised as application/understanding increased by four students when comparing the 
initial and final survey responses. This lack of apparent significant change in this question 
supports the MAS results for the subscale of creativeness which showed little overall 
movement across the eighteen months of this study.  
Table 5.14 
Comparison of initial and final MAS open-ended Question 3 (Explain role of critical thinking) 
Category Code Code Description Initial Final 
Don’t Know / 
Negative 
DKNO I don’t know 4 3 
NEGTV Negative answer 1 3 
Summary   5 6 
Instrumental / 
Rules 
CHECK Check answer, validate 1 0 
SOVPR Solution, solve problem 4 1 
STEPS Steps, beginning to end 2 1 
Summary   7 2 
Application / 
Understanding 
EVAN Evaluate, analyse 1 4 
CREAT Creative, outside the box 1 2 
DIFBA Different, best approach 2 4 
LOGIC Logic, reasoning 4 2 
Summary   8 12 
 
The comparative responses for the fourth open-ended question have been presented in 
Table 5.15 below. Initial survey results suggested that a majority of students (14/23) 
expressed a view that mathematics would be useful in their careers or in their everyday life. 
There were 15 students whose responses were categorised in this way for the final survey. 
Only 3 student responses fell within the category called ‘instrumental/rules’ compared to 
19 students in the category of application/understanding for the final survey. Little change 
occurred in the number of students in each of the three categories when comparing initial 
and final surveys. These results suggest that the majority of students in this class 
appeared to understand the importance of learning mathematics for their lives or their 
future. 
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Table 5.15 
Comparison of initial and final MAS open-ended Question 4 (What reasons for studying 
mathematics?) 
Category Code Code Description Initial Final 
Don’t Know / 
Negative NEGTV 
Negative answer 3 1 
Summary   3 1 
Instrumental / 
Rules 
FUN Fun, patterns 0 1 
SOVPR Solution, solve problem 3 2 
Summary   3 3 
Application / 
Understanding 
CREER Career, job 7 6 
ELIFE Everyday life 7 9 
IMPMD 
Improve logical, critical 
thinking, develop mind 3 2 
KNOW Expand knowledge 0 2 
Summary   17 19 
 
However, some students in this class did not appear to appreciate the role of learning 
mathematics for their lives. Initially three students responded with negative answers and in 
the final survey one student (Chloe) answered this question by writing, “You have a death 
wish,” which was most likely intended as humour but was still regarded as a negative 
response.  
As mentioned previously, causality is also impossible to establish as students were taught 
in this subject (Maths A) using traditional methods for the majority of the course 
(approximately four fifths of the time). Therefore any changes could be attributed to the 
content of the Maths A course as it is intended to be a more applied style of mathematics 
when compared to the alternatives in this system.  
5.3.3 Comparison of Initial and Final Ill-structured tasks 
As part of the final measurement process, students were also asked to complete an open-
ended, ill-structured mathematical task. Students were allocated approximately 15 minutes 
to complete this task and it was done individually. While the task was reflective of a 
modelling and problem solving type of question that students would have been familiar 
with, categorisation of responses focused on the way the student responded to the ill-
structured aspect of the problem.  
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At the time of administering the initial task, students had just completed a non-inquiry unit 
about appreciation, depreciation and future and present values. Therefore the task was 
written to focus on that unit of work. Within the task the students were given information 
about the way a car depreciates in value and the statement, “You go to a financial advisor 
who says that nobody should buy a car brand new.” Students were asked to respond 
mathematically to this argument.  
Student responses were coded against the categories used for the initial ill-structured task 
and can be found in Table 5.16 below. The results of the final ill-structured task and 
comparison to the initial task can also be seen in Table 5.16 below.  
Table 5.16 
Approach to ill-structured aspect of mathematical task; comparison from pre and post 
inquiry units 
Code Code Description Initial Final 
Challenge Q Student challenged the question and did 
not progress 
9 2 
No Mention Student made no mention of ill-structured 
aspect 
11 6 
Misinterpretation Student misinterpreted the ill-structured 
aspect 
2 4 
Provided Hypoth Student provided a hypothesis for the ill-
structured aspect 
1 11 
 
While on the initial task only 1 student provided a hypothesis for the ill-structured aspect, 
11 students provided a hypothesis on the final task. This can be argued to be attributed to 
students’ exposure to this style of question across the 18 months of this study. The 
number of students who challenged the question also changed with nine students on the 
initial survey and two students at the final survey. This is likely to be related to exposure to 
this question type. Students appeared to better understand their role in answering 
questions that are not perfectly formed. These results relate directly to one of the sub 
questions for this study. 
Limitations to these results for the ill-structured tasks include that the students were given 
different ill-structured tasks initially and finally. While it can be argued that the different 
tasks elicited responses that cannot be compared, the focus was on the way the students 
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responded to the ill-structured aspect rather than the mathematical correctness of their 
answers. Another limitation is that this shift in response rates can be argued to only relate 
to the way students answered ill-structured tasks rather than their beliefs and attitudes 
towards mathematics. However, many beliefs about mathematics hinge on a student’s 
perception of the nature of mathematics (McLeod, 1992) and whether or not all questions 
in mathematics have a right and wrong answer. This notion of mathematics involving 
closed style questions is a part of the belief structure that was targeted as part of this study. 
5.4 Summary for Chapter 5 
The central research question for this study focused on how inquiry learning affected 
students’ beliefs and attitudes towards mathematics. Results from these initial and final 
surveys and tasks contributed to the response to this research question in a number of 
ways. These contributions are discussed below using examples from the data throughout 
this chapter. 
Comparisons of the initial and final data suggest some key areas of change. In both the 
IMBS survey and MAS survey student responses showed significant change for the 
subscale of usefulness; IMBS t(22)= 1.99, p = .048 and MAS, t(22)= -1.99, p = .047. This 
means there is an argument to reject the null hypothesis that no real change occurred in 
these students’ beliefs and attitudes regarding the usefulness of mathematics across the 
course of this study.  
Analysis of responses to open-ended questions and ill-structured tasks also revealed 
some areas of change. Comparisons of initial and final responses for the open-ended 
question, “What does it mean to understand a mathematical problem?” showed that six 
more students in this class responded on final survey with a statement that was 
categorised as ‘How and Why’ (HOWHY). This may suggest that students explanation of 
the nature of mathematical problems were more focused on the question interpretation 
rather than finding the correct solution. Students’ individual responses to ill-structured 
tasks under exam conditions also showed change with seven fewer students challenging 
the information in the question. On the final ill-structured task there were 10 more students 
who were able to provide a hypothesis for the ill-structured task when compared to the 
initial ill-structured task.  
Results from these surveys and tasks aligns with prior research in this field that shows 
significant change in the area of students’ beliefs and attitudes in regard to the usefulness 
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of mathematics when using inquiry-based learning environments (Lee, 2006; Mason, 2003; 
Taylor, 2009; Ward et al., 2010) and an improvement in students’ ability to respond 
appropriately to ill-structured tasks after being exposed to this task type (Fry & Makar, 
2012; Lodewyk, 2007; Voss & Post, 1988).  
While the results from this chapter were promising, there were a number of limitations. 
Students in this class were from the school where the researcher works. As such, these 
students may have responded in a way that they felt the researcher wanted them to 
respond. However, the researcher was not the teacher for this class at any time before, 
during or after the research took place. While the researcher was known to many of the 
students, he did not teach mathematics at the school. Another limitation is that the number 
of students was quite low for the use of inferential analyses. However, generalisation of 
these results was not the intention of this exploratory study. In addition, causality of these 
results is difficult to establish and is not required for the thesis of this study. Students in 
this class were exposed to ill-structured tasks in an inquiry learning environment for 
around one fifth of their learning time for 18 months. Students were studying a subject 
called Maths A which is a university preparation mathematics course that does not contain 
calculus. Writers of the syllabus for Maths A may have attempted to improve the 
applicability of the selected mathematics units to the real-world and this could account for 
changes to students’ beliefs and attitudes towards mathematics.  
The use of surveys and mathematical tasks was designed to provide insight into any areas 
of possible change in beliefs and attitudes towards mathematics for the students in this 
class. This chapter has outlined some particular areas of interest in regard to students’ 
positions and allows a more targeted approach in analysis of classroom observations. 
Therefore analysis of video, interview and field note data of how the inquiry learning 
environment may be affecting students’ beliefs and attitudes will now be reported in the 
next two chapters.  
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Chapter 6 
Results and Analysis Part 2 
6.1 Analysis of Classroom and Student Observations 
This chapter presents the video and interview data and explores aspects of the research 
questions. Both field notes made by the researcher during the lessons and student’s 
workbooks are used as supporting data. 
Students were exposed to three units of work using ill-structured problems in an inquiry 
learning environment over the course of approximately 18 months. Each unit of work took 
two or three weeks of class time to complete, equating to between 7 to 10 hours for each 
unit. As detailed in chapter 4, students were taught by their normal classroom teacher and 
the researcher employed a design experiment approach to create the desired inquiry 
learning conditions. This included a feedback session conducted at the end of each lesson 
between the teacher and researcher with the focus on improving the creation of an inquiry 
learning environment.  
The teacher began the first unit by outlining the differences between ill-structured tasks 
and their normal classroom experience with mathematics. The teacher challenged the way 
they learned mathematics with comments such as, “We tend in mathematics to be stuck in 
a very procedural focused approach.” She then defined ill-structured tasks and compared 
them to an assignment they had just submitted for Maths A. More detail about the 
teacher’s approach to the inquiry lessons is outlined in section 6.4. 
The teacher assured students that they would still be able to follow a clear process and 
she presented the guided inquiry model, as defined by Makar (2012). This was adapted for 
these students into the diagram as shown in Figure 6.1 below.  
 
 
 
Figure 6.1. Model of the guided inquiry process for mathematics as defined by Makar 
(2012). 
Discover Devise 
Diverge Diverge 
Defend Develop
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Aspects of the way students’ beliefs and attitudes were exposed and challenged have 
been outlined below using discussion of excerpts from video of classes, voice recording 
from post-task interviews and student workbooks to explore the ways in which inquiry 
learning may impact students’ beliefs and attitudes towards mathematics. These data have 
been divided into the four categories of beliefs as presented by McLeod (1992), namely; 
 6.2 The nature of mathematics 
 6.3 Self-efficacy for solving mathematical problems 
 6.4 How mathematics should be taught 
 6.5 The social context 
Where applicable, further classification within these categories has used Goodykoontz’s 
(2008) factors affecting beliefs as a guiding framework of analysis. Results have been 
presented chronologically within each of these sections. Not all excerpts from the full study 
were presented in this chapter. The excerpts were selected in an attempt to cover the full 
range of belief categories. Table 6.1 below outlines the total number of excerpts within the 
study and the number that have been presented in each category in this chapter. As can 
be seen from Table 6.1, the majority of excerpts related to what McLeod (1992) identified 
as beliefs about the nature of mathematics.  
Table 6.1 
Summary of instances of excerpts relating to beliefs 
Belief Category (McLeod, 1992) Whole Study Presented Here 
Nature Of Mathematics 22 12 
Self-Efficacy 8 7 
How Mathematics is Taught 14 7 
The Social Context 10 8 
 
6.2 The Nature of Mathematics 
Students’ beliefs and attitudes about the nature of mathematics were exposed, engaged 
and challenged throughout this study. Attitudes and beliefs about the nature of 
mathematics involved conceptions associated with (a) the difficulty of mathematics, (b) 
how useful mathematics is outside of the classroom, (c) how long questions should take to 
solve, (d) how mathematics is learned and (e) the role of skills in solving mathematical 
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problems (McLeod, 1992; p. 576). Classroom observations throughout the inquiry units 
identified a number of situations when these beliefs and attitudes were engaged or 
challenged. These situations will be explored and analysed to build the thesis of this study. 
Some students found that aspects of the ill-structured tasks related to their own lives. For 
example, within the first unit students were asked to consider themselves as a person who 
was about to set up their own personal trainer business. One student’s response (from 
Task 1) is outlined below (pseudonyms have been used throughout this study): 
1 Kim: [As the researcher walks past] How amazing is that? 
2 Researcher: What’s that? 
3 Kim: My brother has just done this, set up his own personal trainer business. 
4 Researcher: That’s great, is it viable? 
5 Kim: Yes, I think so. 
6 Researcher: So, are you going to work with him in his business when you 
graduate? 
7 Kim: No, he’s a tank; I don’t want to be a tank. 
The dialogue above suggests that the context of this task resonated with this student’s 
personal life. Therefore the contextualisation of the mathematical task appeared to have 
been relevant to Kim’s everyday life. Experiences where her learning in mathematics 
connects with her life outside of the classroom may have contributed to improvements in 
the sophistication of Kim’s understanding of the nature of mathematics (Boaler, 1993; 
Garvey, 2002).  
By the end of the first 70 minute lesson for the first inquiry unit, groups were still working 
within the discover phase. When asked by the teacher to explain what progress they had 
made in this first lesson, one group responded by calling out, “We have only just defined 
the terms in the question.” As McLeod (1992, p. 579) points out, some students may hold 
the belief that a question in mathematics should be completed in five minutes or less. So 
the nature of this mathematical task may have surprised students in the length of time it 
took to unpack and understand the question. 
Students also expressed that the open-ended aspect of the ill-structured question 
challenged their views about that nature of mathematics. The following extracts highlight 
these points (from Task 1). 
8 Rachel: I found it difficult because there was not really a correct answer. 
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9 Julie: Yeah, there was no wrong answer, we could come to different conclusions 
but that’s because of how different people think. With maths it’s usually like one 
plus one equals two, that’s it. With these problems it’s like one plus one doesn’t 
necessarily have to equal two. It can equal three. 
Aspects of students’ classroom behaviour, as observed on the video, also gave insight to 
how the ill-structured question may have evoked different working styles. For example, 
students were not instructed to get into groups but they all did form into groups. Within the 
groups there was vibrant, on task dialogue, as evidenced by comments such as “OK we 
are all talking at once, we need to take turns to answer.”  This collaborative nature is a 
central aspect of inquiry style learning in mathematics (Boaler, 1998).  It would seem from 
observing individuals in this class that the collaborative answering of the ill-structured 
question is linked to student’s understanding that there is no single correct answer (e.g., 
line 9) and they therefore seek assurance from others of their conclusions. Students made 
reference to this collective agreement on a ‘correct’ answer on numerous occasions with 
comments within their group such as, “Should we write that down?” 
Students appeared to be challenged by the different working style associated with the first 
inquiry task. For example, students were not instructed to use their textbook during the 
inquiry unit and many students had not bought theirs into the room. However, some 
students did use their textbook to assist with getting through impasses. For example, one 
group had the following interaction with the researcher (from Task 1). 
10 Tony: Well, we took out the deductions first and then worked out the tax on our 
income. 
11 Researcher: Why did you choose that method? 
12 Tony: [Pointing to textbook] It says in this example here that you take the 
deductions, like any donations, before you work out the tax. 
While students had flexibility in determining their gross annual income, the taxation aspect 
of the first ill-structured task had a definite method that could be used to find a solution and 
was therefore not open to interpretation. This experience may have broadened these 
students understanding of the role of closed mathematical procedures in real-world 
applications and challenge their belief that all of mathematics focuses on closed style 
questions. Experiences such as this may have contributed to shifts in their responses to 
questions on the final IMBS such as, “Learning computational skills is more important than 
learning to solve word problems” (from Table 5.8). 
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External factors related to assessment (Goodykoontz, 2008) emerged during the course of 
the first inquiry unit. Students were expected to keep a detailed log of their work and 
decisions as they worked through the ill-structured tasks. The following exchange occurred 
between the members of one group and the teacher (from Task 1). 
13 Teacher: So, I can see the taxable income and the deductions, but where have 
you subtracted? See I have written the formula for that on the board. 
14 Brian: Oh, yeah right. 
15 Teacher: There is not enough communication for me to understand how you 
have arrived at that taxable income, are you using the term correctly? 
16 Brian: [Flicks through pages of workbook to look for working that shows evidence 
of the group’s decisions]. Yes I see ok, we need to take away the deductions to 
get the taxable income? 
17 Teacher: So I can see here [points to student’s workbook] are your deductions. 
The group then finished this section of the first inquiry task without the need for further 
guidance. Exposure to a multi-step, multi-lesson, ill-structured task required students to 
communicate their understanding to a much higher level than if they were working from the 
textbook on one correct answer style questions (Diezmann, 2004). The requirement to 
communicate understanding of the question rather than showing how an answer was 
found relates to questions in the IMBS survey such as, “A person who doesn’t understand 
why an answer to a math problem is correct hasn’t really solved the problem,” and, “It 
doesn’t really matter if you understand a math problem if you can get the right answer.”  
Towards the end of the first inquiry unit, all groups had answers for the annual income 
between the range of $30 000 to $80 000. Whether or not the business was regarded as 
viable differed between groups. The following transcript of an interaction captures a point 
in time when students were discussing viability based on their final outcomes (from Task 
1). 
18 Researcher: Is it viable? 
19 Jody: I don’t know, is it [laughs]? 
20 Researcher: [Pauses] Well, is it viable? 
21 Jody: I think so, what’s the average? 
22 Researcher: Average what? 
23 Jody: Average that people get paid per year. 
24 Researcher: Good question, how can we find that out? 
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25 Jody: I don’t know, but we got $48 646 for a net income per year. I don’t know if 
that’s an average or close to average amount for personal trainers each year? 
26 Researcher: I think that’s an excellent question. 
27 Researcher: [After a one minute interval] So, is it viable? 
28 Jody: [Laughs] For a beginning personal trainer who is just starting out, I think so 
yeah. 
29 Researcher: I like the way you keep going back to this idea of the average 
income, but why are you doing that? 
30 Jody: I don’t know, because it’s something reliable to base the argument off, to 
work out if we are getting paid enough. 
31 Richard: If someone else has gathered all of the data about wages and averaged 
it out, then it’s sort of like a step forward in the mathematics, past where we are 
now. 
32 Jody: [Turns to Richard] So how do we get through this if we don’t have that 
information. 
At this point the researcher challenged the group to think of other ways they could 
ascertain whether or not the business is viable. After some discussion they began to 
determine the amount it costs to live each week and estimated their planned expenditure. 
While they appeared to underestimate the cost of living, the group did engage in an 
alternative way to consider viability (e.g.,, line 32).  
The students in the excerpt above were given time to hypothesise (line 21), explore (line 
25) and come up with alternative ways to approach a problem (line 32). Using inquiry style 
problems to overcome learned helplessness has been the subject of a number of studies 
(Zan & Di Martino, 2009; Middleton & Spanias, 1999). The excerpt above appears to show 
an example of a mathematical learning situation that encouraged students to utilise 
resilience and ingenuity to develop an alternative solution that is acceptable. Experiences 
where students need to use creative ways to develop solutions may also improve students’ 
understanding of the usefulness of mathematics in their daily lives (Armstrong & Price, 
1982). Initial and final surveys found a significant improvement in students responses 
within the subscale of usefulness (see Table 5.9 and 5.11) and student interactions such 
as the example above may have contributed to this improvement. Jody (line 30 & 32) also 
appeared to show evidence that she was confident of finding an alternative way to solve 
the problem.  
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Another group took a slightly more open-ended approach to their answer. When asked the 
same question, “Is the business viable?” a debate began between the group members 
(from Task 1). 
33 Rachel: No, it’s not viable. 
34 Kim: But then again, if we think about it realistically, then we don’t have a set 
amount of times for group sessions, or set amount of days, or set number of 
personal trainers. There is not a set amount of clients yet. 
35 Rachel: Hmmm. 
36 Kim: Then again, realistically we have made some guesses about these things 
and it’s not viable.  
37 Rachel: What is viable then? 
38 Kim: We have underestimated, to be safe. 
The ambiguous aspect of the ill-structured task appears to have created an environment of 
uncertainty for these students. They responded by using a critical approach that argued 
both sides of the debate about viability. McLeod (1992) suggested that student’s naïve 
beliefs about the nature of mathematics may stem from overexposure to the one correct 
answer style mathematics questions. The excerpt above suggests that exposing these 
students to an ill-structured style of question may have assisted with the broadening of 
students’ notions about the certainty of answers in mathematics.  
The idea that all mathematics questions have a simple, closed answer was challenged on 
numerous occasions throughout the study. This relates directly to beliefs about the 
difficulty of mathematics and how long an answer should take to solve. As an example, in 
the second inquiry unit students were asked to imagine themselves as a casino owner who 
is starting a new game. Students needed to work out the odds of the game and then 
decide upon a justifiable payout ratio for punters who won when playing the game. 
Towards the end of this unit the following exchange occurred (from Task 2). 
39 Matthew: We need to find a solution. We need to do the devise part. 
40 Richard: We have already found the answer haven’t we, it’s one is to six. 
41 Researcher: Ok, well go back to the original question then. 
42 Amanda: Ok, how much does the casino pay, for rolling a seven? 
43 Researcher: So how do we find a possible answer? 
44 Amanda: It’s a one in six chance.  
45 Researcher: Alright, why, how many chances are there? 
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46 Amanda:  Well there are 36. 
47 Researcher: And how many of those times do you get a seven? 
48 Amanda: Six. 
49 Matthew: Yes that’s what Miss [teacher] was saying before. 
50 Researcher: Ok good, but now you need to take the next step. 
As detailed in section 6.3, students were challenged in finding the probability of rolling a 
seven. Once they had completed this part of the task there was a tendency to stop working. 
In line 40 it appears that Richard thought they had finished the question. After the 
challenge from the researcher (line 41,50) the students in this group began to look more 
deeply into the question and continued work. Traditional textbook style questions tend to 
have one correct solution and once the students have found that answer, they have 
finished. Placing value on questions that do not have a single correct answer may have 
provided students with a challenge to their belief that all mathematics questions can be 
solved in single steps and should be solved quickly.  
During post-task interviews students expressed that they found the task quite different to 
their normal classroom experience and also challenged the teacher’s authority about their 
final results. The excerpt below shows evidence to support this (from Post-task 2 
interview). 
51 Robert: I found this task difficult because there wasn’t really a correct answer. 
Then we were talking to Miss about it and she said if we only pay one is to three 
then not many people will come. But, like it’s a casino, it’s meant to be, you know 
[trails off]. 
52 Brad: A rip off! 
53 Robert: Yeah, cheap, a rip off. It’s not real. Everyone expects it to be a rip off.  
Using an open-ended, ill-structured task such as this one discussed above appears to 
have allowed students to form their own opinions and ideas for solutions. The teacher’s 
role of challenging their answer did cause them to justify their solution, and they used a 
valid argument to refute the teacher’s challenge. Once students accepted that 
mathematical answers could be based on arguments and were open for interpretation (line 
51), then there was scope to challenge their own beliefs about the role of the teacher and 
the nature of mathematical questions (also line 51). Working with inquiry styled questions 
has been argued to encourage students to challenge answers and focus on justifications 
rather than the final outcome (Fielding-Wells & Makar, 2012). 
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At the beginning of the third inquiry unit, students were presented with ill-structured 
problems related to appreciation and depreciation. As a stimulus, the teacher presented 
some of her own Star Trek figurines for discussion. Students were reshown the guided 
inquiry process and the teacher explicitly talked through the discover phase and 
encouraged students to unpack the terminology used in the question. The following 
excerpt picks up the conversation of one group after about ten minutes working with the ill-
structured task (from Task 3). 
54 Kim: Wait, so it’s just 105% of the amount? 
55 Rachel: What? 
56 Kim: Well you get the 100% thing and add it together. 
57 Rachel: Wait, is this the question? 
58 Kim: Yes we are not doing that discovery or devise crap. 
59 Rachel: This is too stressful. 
Although this was the third unit of inquiry in which the students had been exposed to an ill-
structured task, students in this group did not appear to be following the guided inquiry 
process. Soon after this conversation, the students began the question again with the 
group leader (Rachel) saying, “Right, we are looking at Task 1.” This appeared to re-adjust 
the group to rethink their approach and the group was more successful in progressing 
through the task after this point. Meeting these impasses may have allowed the students in 
this group to see the value of the early stages of the guided inquiry process. Experiencing 
an impasse may also have contributed to a challenge in their thinking about the length of 
time it can take to solve a mathematical problem. McLeod’s (1992) research indicated that 
students who believe that mathematics questions should not take longer than five minutes 
to solve were less able to solve non-routine mathematical problems. 
During the second part of the third inquiry unit, students were presented with an ill-
structured question which asked students, “Is this a fair price?” The context required the 
students to imagine they are a music studio owner and operator. The following excerpt 
picks up with one group who was finalising their answer. The researcher asked questions 
aimed to encourage defence of their answers. A central part of the defence for this task 
was to ask the students to empathise with the buyer, rather than the seller of the sound 
gear (from Task 3). 
60 Researcher: Would you take $70 000? 
61 Nicole: No, wait. Well. Isn’t it worth $75 000? 
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62 Researcher: Is it? 
63 Nicole: Well that’s what it says. 
64 Researcher: So you’re saying it reduces by exactly $5000 per year? 
65 Nicole: I don’t know what I’m saying. 
66 Researcher: Well can you defend your position, that’s what I am really asking? 
67 Nicole: It should be $75000 and they are going to give you less. I wouldn’t take it. 
That’s not how much it’s supposed to be. 
68 Researcher: So imagine you were the buyer. 
69 Nicole: It depends on what side you are on. 
70 Researcher: So what would you accept? 
71 Leanne: $75000 [laughs]. 
72 Researcher: Ok but how do you know it reduces by $5000 per year? 
73 Nicole: Well we don’t know, but that’s what the question says. For 12 years we 
have been told to believe the question and now you are saying the question is 
wrong [laughs]? 
74 Leanne: Yes it’s asking us! 
75 Researcher: Alright, but what does the question say about that $5000 then, what 
is the exact language? 
76 Leanne: You expect it to reduce by $5000 per year. 
77 Researcher: Ok, so ‘expect,’ what does that imply? 
78 Nicole: Well, it’s [$70000] an OK amount then. 
79 Researcher: I am not saying you have to change your position; we are in the 
defend phase. But imagine if you were buying it, you wouldn’t want to pay 
$75000. Would you take $73000? 
80 Nicole: Yes, it’s like in the middle. 
81 Researcher: Why are you selling it anyway? 
82 Leanne: To get new equipment. 
83 Researcher: Right, so what does that imply? 
84 Nicole: That it’s [the business] doing well. 
85 Researcher: How many people would be in the market for second hand 
equipment? 
86 Nicole: Not a lot. 
During this defend phase the students were exposed to a range of critical thinking 
procedures. Students were asked to question the question (line 62), as well as look for 
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implications from the question (line 77). Students were asked to empathise with the buyer 
(line 68) to assist with defending their final decision, as well as thinking from the position of 
a seller of specialised sound equipment. Video data suggested that students displayed 
positive emotions throughout the whole dialogue. This was interpreted from their jovial 
expressions, repeated laughter and tone of voice. The accumulation of these experiences 
described above may have allowed students to look more critically at the questions they 
were working with in their mathematics classes and this may have contributed to improved 
attitudes and beliefs about the nature of mathematics. These challenges may have 
influenced student’s responses to final survey questions on the IMBS and MAS such as, 
“A person who doesn’t understand why an answer to a math problem is correct hasn’t 
really solved the problem,” and, “Mathematics is useful in solving everyday problems” 
(Tables 5.8 & 5.10). 
Some students came up with novel ways of answering the questions in the inquiry tasks. 
Ill-structured, open-ended questions have been argued to allow the learner to be creative 
and think from different perspectives (Makar, 2012). The following conversation provided 
insight into the thinking from one group during the third inquiry unit. 
87 Researcher: So, did you decide whether or not it is a fair price. 
88 Jim: It is fair for the buyer but not for the seller. 
89 Researcher: Ok, that’s a good way to think about it. Are you basing this on the 
depreciation of $5000 per year? Who says it must be $5000 per year? 
90 Michael: No it is not definite. Someone in the industry has just decided on that 
amount. 
91 Researcher: So is your argument still valid? Would you accept less as a seller? 
92 Michael: Well it’s still as valid as saying it should be less. If one person is saying 
it should be $5000 per year, then their argument is just as valid as someone who 
says it’s an estimate. 
93 Researcher: That’s true! 
These students appear to have had time to reflect on the counter arguments and they 
articulated that either perspective was acceptable (line 88). Their answers were more 
flexible (line 90) and indicated the students knew that they did not need to have a ‘right or 
wrong’ style answer to this problem (line 92). It could be argued that these types of 
experiences with learning mathematics allowed the learners to develop a more 
sophisticated understanding of the creative and sometimes ambiguous nature of 
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mathematics. This in turn may have led to a change or broadening of the belief structures 
these students possessed in relation to the nature of mathematics and learning 
mathematics. 
During the third inquiry unit, students were observed talking about the final task associated 
with depreciation. This task required them to make a series of calculations and 
comparisons about the value of sound equipment at various points in time (from Task 3).  
94 Claudia: All of the answers are similar.  
95 Erin: But we need to compare it to $62000. 
96 Claudia: Yeah, but like, it’s not like a massive difference. So it has to be around 
that number, around 40,50,60 [thousand dollars]. All the depreciated values will 
be fairly close. 
97 Erin: Yes but should we be using the table from the textbook. 
98 Claudia: Yes, but it’s just the same as using the formula.  The question is asking 
how this compares and we are not answering the question. 
It appears that Claudia was confident to approach the problem practically (line 96) and 
wasn’t overly concerned about the process. Claudia kept focusing on the core aspect of 
the question (line 98), namely the comparison, and Erin appeared to be promoting the use 
of following the process (line 97). Claudia had checked her answers and used reason to 
argue that they must be correct as they were all fairly close. This promotion of real-world 
type scenarios is fundamental to inquiry learning (Makar, 2012). 
Throughout this section each of McLeod’s (1992) five components of the belief category 
called, ‘the nature of mathematics’ have been highlighted. The experience of working with 
ill-structured tasks in an inquiry learning environment appears to have encouraged 
students to work in ways that are not typical for traditional mathematics classrooms. 
6.3 Self-Efficacy for Solving Mathematical Problems 
Aspects identified by McLeod (1992, p. 580) that relate to students’ self-efficacy towards 
mathematics include their (a) belief in themselves as autonomous learners, (b) if students 
think they are ‘good’ at mathematics, (c) confidence with non-routine problem solving, (d) 
intrinsic motivation to learn mathematics, (e) attribution for success and failure and (f) the 
role of effort in success with mathematics. Classroom observations during the inquiry units 
that pertain to these aspects of self-efficacy are discussed below. 
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Towards the end of the first inquiry unit, students were trying to determine the amount of 
tax they would pay on their earnings as a personal trainer. To complete this, students 
performed calculations such as converting their weekly earnings into an annual income, 
deciding if holidays were to be taken, subtracting any deductions from their annual 
earnings and using tax tables provided to determine the tax and Medicare levy. Prior to 
students completing this section of the inquiry task, the teacher explicitly taught these 
processes using examples from the textbook. Once students were then set to complete 
the task, many of the groups did not make a start. The following exchange occurred 
between members of one group (from Task 1): 
99       Rebecca: How do we calculate the tax? 
100 Zoe: I have no idea, she did just explain it though. 
101 Rebecca: We are totally stuck then, what do we do? 
For approximately the next four minutes the students sat and did not speak or attempt any 
further work. At the end of this time, the teacher realised many groups had not made a 
start and began to walk around to the groups giving them assistance. The teacher realised 
the group above had reached an impasse, took the pen from one member of this group 
and wrote some answers on their book. This behaviour from the teacher can be described 
as encouraging a type of learned helplessness that students develop in mathematics 
(Dweck, 1986; Yates, 2009).  
Goodykoontz (2008) has described these impasses as an internal challenge or frustration 
that can affect the beliefs of students towards mathematics. In a traditional mathematics 
classroom the students deal with an impasse by asking the teacher what they did wrong or 
which step they got wrong, the teacher then assists and they carry on. Arguably this was a 
missed opportunity to allow these students to work through the impasse in a more creative 
way with guided support from the teacher. After this lesson the researcher discussed this 
interaction with the teacher and upon reflection she stated that she did rescue the students 
too early. This led to changes in her behaviour in subsequent lessons where she tended to 
use guiding questions rather than directly showing students how to overcome an impasse. 
The ability to create and recreate the desired inquiry style classroom is a part of the design 
experiment methodology which allowed changes to be made during the course of the 
study to improve the intervention characteristics (Cobb et al., 2003).  
Learned helplessness was also seen within other groups of students in this class. Some 
students had less input to group discussions and performed fewer calculations. 
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Sometimes this was due to a lack of resources, such as a calculator and other times it was 
because the student had been missing for the previous lesson. These students who did 
little work tended to copy what the other students in the group had written in their books 
and in some cases the scribe for the group would write it in their book for them. 
Throughout the inquiry units the teacher and researcher attempted to address this learned 
helplessness behaviour by challenging students to think of other ways to attain the 
information or solve the impasse. This is discussed in greater detail in section 6.4 below. 
Video records suggest that there were a number of occasions that students worked as a 
group to solve impasses. Groups all appeared to follow similar patterns of working through 
the ill-structured task. The approach pattern can be summarised by saying that initially 
groups would engage in discussion that focused on interpreting aspects of the question. 
Once an agreement was made on definitions, students would generally then work 
individually on the booklet. As another impasse was reached, they discussed the issues 
and overcame them through argument, divergence and by reaching consensus. Groups in 
this class had internally assigned leaders who made the final decisions. Analysis of the 
video showed that the group leader tended to sit in the middle of the group and was almost 
always the scribe. The students who led the groups also appeared to have a greater self-
belief that their answers were either correct or more acceptable. This was seen in a 
number of comments such as, “Yes but I think $35 will be ok as well,” and “Why don’t we 
just say they work six hours per day each.”  
During the second ill-structured task, student’s self-efficacy was obvious in the initial phase 
of task interpretation and appears to have affected their development of a pathway for 
solution. The initial approach of the groups has been summarised below to assist with 
illustrating this point (see Table 6.2). 
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While these students had almost identical outcomes for the task as they had worked 
together, their expressed beliefs about the impasse showed a different perception of the 
final outcome. This supports Goodykoontz (2008) view that both internal (family 
experiences) and external (achievements) factors affect students’ beliefs and attitudes.  
Insights into how students’ self-efficacy affected their initial interpretation and approach 
were also obvious during the defend phase. For example, as mentioned above in Table 
6.2, group A decided to roll the dice 100 times and use this as the basis for making further 
decisions regarding payouts. When asked why they took this approach, one group 
member commented as below (from Task 2). 
105 Michael: We handled the sample space fairly easily, we just did it practically. 
We were probably more real than statistical.  
While this group could not readily defend their outcomes and conclusions against the idea 
of a ‘lucky roller’ or someone who plays more than 100 games, they held their ‘practical’ 
findings as valid right through until the end of the unit.  
At the beginning of the third inquiry unit, students from one group were looking bewildered. 
The following exchange occurred (from Task 3). 
106 Researcher: Is it wrong? 
107 Kathy: I don’t know! 
108 Kathy: When we first worked it out, we didn’t see this part [points to sheet] 
where the inflation rate is 3%. When we realised we had missed this part, we 
tried to work it out per year for the 5% and the 3% increase. Then we times it 
by 10 to get 10 years for both. Then we added that together.  
109 Ruby: Yeah we don’t know whether it’s right or not. I don’t know what I did. 
Students appeared to have been displaying a particularly low self-efficacy for mathematics 
while solving this problem (line 109). At this point the researcher stopped filming and 
worked with this group to identify the issues in their thinking. The teacher redefined each 
of the terms and redirected students back to the discover phase. As can be seen from the 
extract from Kathy’s workbook in Figure 6.2 below, students did not understand the 
difference between inflation and appreciation. Kathy had used simple interest instead of 
compound interest to calculate the future costs. She had also added the two amounts 
rather than subtracting them. The teacher had explicitly taught these processes in the 
lessons before this task using the traditional chalk and talk method. 
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Figure 6.2. Student workbook from inquiry unit 3. 
Guiding these students to a better understanding took approximately five to six minutes. 
The researcher explained that this time had been spent in the discover phase. The 
students in the group laughed as they realised that despite the teacher’s explicit instruction 
they had skipped the discover phase. Perhaps this impasse and the necessary redirection 
assisted students to gain appreciation for the discover phase of the inquiry process. These 
experiences may also have led to increased appreciation of aspects tested in the final 
IMBS surveys through statements such as, “Time used to investigate why a solution to a 
math problem works is time well spent,” and, “A person who doesn’t understand why an 
answer to a math problem is correct hasn’t really solved the problem.” Schunk (2004) 
points out that students’ self-efficacy can affect the choices they make in regards to the 
aspects of the lesson they participate in and how much effort they will decide to expend to 
find solutions. So coaching these students through this complex, ill-structured task may 
also have had an effect on their self-efficacy in relation to this type of problem and how to 
approach it in the future. Explicit direction to engage more fully in the ‘discover’ phase may 
give students confidence that they can achieve success with ill-structured tasks in the 
future. 
Another group was expressing difficulty beginning the third ill-structured task and they had 
begun to be off-task. This appeared to be due to a lack of self-confidence with how to 
approach the task. The following exchange illustrates an apparent lack of self-confidence 
(from Task 3). 
110 Karen: I don’t know how to do it. 
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111 Researcher: Which part can’t you do? 
112 Ming: It’s confusing how it says 3% and 5% at the same time. 
113 Researcher: Is it, why? 
114 Karen: No my problem is because its meant to increase at 5% per annum but 
then it says it has only increased at 3% for 10 years. 
115 Ming: Does that mean that the total amount over 10 years is increased by 3%? 
From the original price? 
116 Researcher: If we read it carefully, one says appreciation. 
117 Karen: Yeah, what does that mean? 
118 Researcher: What’s the difference between appreciation and inflation? 
119 Karen: I don’t know! 
At this point the researcher coached these students through their understanding of the 
terms and redirected the students back to the discover phase of this task. Their propensity 
to skip the discover phase appeared to be a reaction to not understanding the terms and 
they therefore attempted to go straight to finding a solution. Explanation of the terms 
included a lengthy discussion of the way inflation affects the value of our money and their 
reactions could be described as one of surprise.  
At the end of the discussion above, the following exchange occurred (from Task 3): 
120 Ming: So we have to find 3% of $350 over 10 years and 5% of $350 over 10 
years. 
121 Researcher: Well, yes, but then what? 
122 Ming: Compare them to decide if it’s a worthwhile investment. 
123 Karen: I wouldn’t buy a Star Wars figurine though! 
Despite the redirection back to the discover phase, these students appeared to want to 
immediately apply the learning to solve the problem. So while it is apparent that the 
students had understood the problem more fully, their reluctance to spend more time in the 
discover phase may have hampered their final outcomes. During the next lesson, these 
students were again approached to discuss the outcomes of their task. The researcher 
asked them to summarise the final outcomes and the exchange below occurred (from 
Task 3). 
124 Ming: In this case it tells you that the figurine is worth more than the money 
after 10 years.  
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125 Karen: I would probably just spend the $350. 
126 Researcher: Yes but spend it on something that is worth more in the future! 
But what doesn’t that take into account, in terms of the figurine? 
127 Ming: You have to pay a shipping fee. 
128 Karen: And it depends what condition the figurine is in. Maybe it gets damaged 
after you buy it in good condition. 
129 Researcher: Right, so then it is worth less. 
130 Ming: It’s kind of like gambling.  
131 Ming: [Smiles] I feel like I have really learnt something here. 
In the excerpt above, Ming’s language usage appeared to show a higher level of 
confidence with the content and her answers to questions were more definitive. The 
building of confidence with these challenging question types may have contributed to a 
development of self-efficacy towards mathematics in general. Also, the depth of 
conversation was unlikely to have occurred during a typical, textbook led discussion of 
these topics as textbooks rarely consider issues such as supply and demand or risk when 
discussing appreciation and depreciation. The final comment made by Ming above (line 
131) appeared to indicate that working through the task in this manner had an impact on 
her ability to understand the complexity of the problem. While Ming and Karen displayed a 
deeper understanding of the investment, they appeared unable to connect the concept of 
appreciation and inflation (line 122). This suggests that these students would have 
benefitted from further exploration on this topic. 
In the next lesson, these same students were working on the second part of the third 
inquiry unit. The exchange below occurred towards the end of the lesson. The students 
appeared to have finished and were checking their answers (from Task 3).  
132 Ming: I don’t get it because it seemed easy and maths is never easy or simple. 
133 Researcher: Ok, what is the actual question? 
134 Ming: Is it a fair price? I don’t think it is because the expected value is $5000 
more than the actual value offered.  
135 Researcher: Would you take it or not? 
136 Ming: I wouldn’t. $5000 is a lot sir. 
137 Karen: Is that it? It seems too simple, what’s the catch.  
138 Researcher: Well I think you have understood it, so that’s great. 
139 Karen: That doesn’t happen very often. 
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The students appeared to have relied on the researcher as the source of mathematical 
truth (line 137) and may indicate a low self-efficacy with this type of work. However, the 
experience of understanding the task made both of the students cheerful (line 139). A 
positive emotional experience with the ill-structured question and may have supported a 
shift in their self-efficacy and general attitude towards mathematics. Other research has 
shown that students build self-efficacy when successful with complex mathematical tasks 
(Schunk & Pajares, 2002). 
6.4 How Mathematics Should Be Taught 
The teacher of the class admitted that prior to the study she rarely used inquiry learning 
methods to teach mathematics. McLeod (1992, p. 581) argued that students hold beliefs 
about how mathematics should be taught. These beliefs are most likely assumed beliefs 
attained through exposure to being taught mathematics over a number of years. The role 
of the classroom teacher in an inquiry learning environment in mathematics has been 
contrasted to the role of the teacher in a traditionally taught mathematics classroom in a 
number of research projects (Boaler, 1998; Goos, 2004; Makar, 2012). Teachers in a 
traditional classroom are considered to focus more on skill development rather than deep 
conceptual understanding (Skemp, 1976) and tend to provide answers to impasses more 
quickly than in an inquiry classroom (Goos, 2004).  
At the beginning of each inquiry unit in this study, the teacher presented the class with the 
guided inquiry flowchart (see Figure 6.1) and explained the four main phases of the guided 
inquiry process. During the course of the lessons, the teacher continually reminded 
students of which phase they were supposed to be working in and generally gave an 
expected timeframe for students to complete each section of work. Field notes indicated 
that the teacher answered class questions by referring to the guided inquiry process on 12 
different occasions in the first 70 minute lesson of the first inquiry unit. Supporting 
evidence from student responses to interview questions suggested that this change in 
teaching process made the style of the classroom appear quite different when compared 
to normal mathematics lessons for this class. 
As described in the methodology, the researcher and teacher met at the end of each 
lesson to discuss any suggestions for improving the inquiry learning experience. Through 
this method of revision to the teaching style, students were exposed to a new way of 
learning compared to their normal mathematics experiences with this teacher. The results 
and discussions below should therefore be considered within this framework of change.  
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In the first excerpt for discussion the students were working on the unit that involved 
setting up a personal trainer business. At the beginning of the second lesson in this unit, a 
student challenged the teacher about the way they were learning this unit of work and the 
following exchange occurred (from Task 1). 
140 Mandy: What about taxes, isn’t that the unit we are working on? 
141 Teacher: Excellent question, you are going to need to consider taxes, but first 
you will have to work out how much you earn. 
It appears that this student was either finding it difficult to see the link between what they 
were studying in this inquiry unit and the topic they were learning called taxes, or they 
were suggesting that the work should be more focused on taxes in general (end of line 
140). Field notes of this phase of the first inquiry unit suggest that a number of students 
challenged the style of learning and stated that they were not sure they were learning the 
content fully. Reluctance for some students to learn using inquiry methods has been noted 
in other research (Fielding-Wells & Makar, 2008; Goos, 2004).  
Eight students were asked follow up questions in post-task interviews about whether they 
felt the class was different to their normal classes. In line with Goodykoontz’s (2008) 
suggestion that the students’ level of understanding is a significant internal factor affecting 
beliefs and attitudes, these students were also asked if they felt they understood the 
content of the unit of work they were engaged in. Some typical responses were transcribed 
below (from Post-task 1 interview). 
142 Robert: It feels a lot different to how she normally teaches. I felt like she [the 
teacher] had to interact with us more because we weren’t just doing 
questions on the sheet. She had to come to us individually. 
143 Alex: Easier understanding because we were given the question, so we had 
to solve it for how we think to do it, not how the teacher says we should do it, 
we had to use our own understanding to figure out the answer. We had to 
listen to her and then figure it out. Usually we just read it in the book and do it. 
144 Rachel: It was just one question, it wasn’t something I could practice and 
practice again. You’re not given the information even for that one question.  
It appears from the reflections above that students found the style of classroom different 
from their normal classroom (line 142-144), regardless of their perception of the value of 
the experience. Further insights into challenges to students’ beliefs and attitudes about 
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how we should teach and learn mathematics came from a group that ‘jumped straight to 
the answer’ during the second ill-structured task. Initially the members of the group 
expressed resistance to changing their position, but rather sought to discredit the question 
and process (from Post-task 1 interview).  
145 Mandy: I kind of just had the answer but then you had to really explain why 
you had it. It was a bit tedious.  
146 Rachel: Yeah, we were not given the income of the casino, so how were we 
supposed to find out the income?  
147 Mandy: I suppose this would help with justifying in a modelling and problem 
solving question, it’s almost humanities, like our assignments in maths. 
Mandy (line 147) suggested she may have assigned some value to the learning style by 
relating it to a summative assessment type that contributes to her final results. The link 
between the perceived usefulness of this question type and the student’s overall 
achievement has been argued to contribute to the development a more sophisticated view 
of how learning mathematics should involve a range of task types (Yackel & Rassmussen, 
2002, p.318). 
Another group were more positive in their analysis of the inquiry learning environment 
during the second ill-structured task. The interaction with the researcher is detailed below 
(from Post-task 2 interview). 
148 Richard: Yes it was different and I liked it. It was better than just getting a 
textbook and working on the textbook and that. 
149 Researcher: Do you feel like you are behind in the textbook maths though? 
150 Richard: No, we were pretty much learning about everything that’s in the 
textbook. It’s just different. 
151 Researcher: Different how? 
152 Michael: It sort of saves costs, as in you are working in a group, not just by 
yourself. You are still working on questions but you are more thinking about the 
question.  
153 Richard: Yeah and I find problem solving more engaging than, you know, the 
textbook. 
Again these students saw a clear distinction between their normal, textbook focused 
mathematics classes and the inquiry unit (line 148 & 152). These students articulated the 
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importance of covering the topics (line 152) but reasoned that they had covered the 
required learning, just in a different way (line 150). Experience with this learning style and 
asking them to articulate the differences may have challenged their beliefs and attitudes 
about the best way to teach and learn mathematics as they appeared to have had a 
positive emotional experience with this learning style.  
Early in the final inquiry unit, the teacher was assisting a group of students. These three 
students were all boys and two of them were at risk of failing the subject. The students had 
expressed frustration at not knowing where to start with the question. The following 
exchange details the conversation between the teacher and how she attempted to coach 
them through the discover phase of the ill-structured task (from Task 3). 
154 Teacher: Ok, you have got that, so you have identified the difference between 
appreciation and inflation. Now what else do we need to know, or what else do we 
need to discover before we move onto the question? 
155 Richard: Time. 
156 Teacher: Ok, summarise that information. What else do you think will be important? 
157 Richard: Ok, time. 
158 Teacher: Are you just going to write time? Is that it? OK, what else? 
159 Kade: What would you suggest Miss? 
160 Teacher: I’m not going to make any suggestions; this is your discover phase. So 
what else are we going to need to know to start the problem? 
161 Richard: We have just about covered everything Miss. We can’t go through every 
word! 
162 Teacher: So, what have you written down so far? 
163 Richard: Cost, appreciate, inflation, time. 
164 Teacher: Ok, is there any other information? 
165 Kade: No. 
166 Teacher: Ok, then let’s move on now. Now we need to devise a strategy. We are in 
the devise phase [points to flowchart on student’s workbook] so let’s devise a 
strategy.  What are we trying to work out? 
167 Richard: How much it increases annually. We didn’t discuss annually, what is that? 
168 Robert: What is the difference between appreciation and inflation? 
169 Teacher: You told me before and you were correct, what was it? 
170 Robert: Appreciation is just one thing? 
171 Teacher: That’s right and what is inflation? 
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The conversation between the group and the teacher continued along this vein. At points 
the teacher explained the difference between finding a percentage and multiplying by 10 
(flat rate interest) and annual increases that are then increased by the same percentage 
each year (compounding interest). It appeared that during the discover phase these 
students were trying to understand the individual components of the question before they 
began trying to find a solution. In a typical classroom the textbook would have an example 
and exercise for each of these subset skills (inflation, appreciation, compounding interest, 
flat rate interest) and students would usually not be exposed to a question that required 
them all to be explored and contrasted at the same time. Clumping together the skills for 
this task proved highly challenging for this group of students. Experiencing questions that 
are complex, multi-step and front loaded may have influenced students to challenge their 
beliefs about the best way to learn mathematics.  
Not all students agreed with the different way that the inquiry units were conducted. Some 
students challenged the process during the final inquiry unit, as outlined below (from Task 
3). 
172 Erin: How long are you here for, until the end of term? 
173 Researcher: No not that long, why what’s wrong? 
174 Erin: I just have so many exercises that I haven’t completed yet and the exam is 
coming up. 
175 Researcher: Why haven’t you completed any exercises? 
176 Erin: Because we have to do this thing instead. 
Erin is the highest performing student in this class and spoke openly against the inquiry 
style of learning on a number of occasions. Erin is successful with the traditional style of 
learning and this may influence her to prefer the non-inquiry learning styles. However, Erin 
also expressed her ability to see the answers to the inquiry tasks with little effort and 
articulated that she could conceptualise both sides of arguments and debates to allow her 
a reasoned response to the ill-structured tasks. Erin’s initial responses to the IMBS and 
MAS surveys show a high level of sophistication in terms of her beliefs and attitudes 
towards mathematics. For these and other reasons, Erin is the subject of Case Study 3 in 
the next chapter and her responses will be more closely examined in that section.  
During post-task interviews, students were asked a range of questions about mathematics 
and inquiry learning. The following transcript shows a part of one of these interviews after 
the final inquiry unit (from Post-task 3 interview). 
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177 Researcher: Do you think everyone learns mathematics in the same way? 
178 Karen: No, some people are visual learners and some people can listen and get it. 
Some people have to see what is going on whereas you could just explain it to 
someone else and they would just get it. 
179 Researcher: Did your teacher teach any differently during the inquiry units? 
180 Ming: Yes. 
181 Karen: Yes, during the inquiry unit she used the discover, defend structure whereas 
in other lessons she is like, I’m going to teach you how to do this and then you can 
do some questions. 
Karen appeared to have a sophisticated understanding of learning styles and methods for 
teaching (line 178). Karen was also able to articulate aspects of the inquiry learning 
process and how it differed from the traditional classes that they normally experience for 
mathematics (line 181). At least six different students articulated a difference between the 
teaching methods employed for inquiry learning units compared to their other units of work. 
This highlights the success of the design experiment approach and supports the notion 
that inquiry learning took place with this class. Broadening students experience with 
learning styles in mathematics may have encouraged students to reconsider their covert 
beliefs about how mathematics should be taught (Goodykoontz, 2008; McLeod, 1992). 
6.5 The Social Context 
Building upon the arguments of McLeod (1992), Op 'T Eynde, De Corte and Verschaffel 
(2002) made an attempt to further define the social context when related to mathematical 
beliefs. They argued that the social context includes the way students interact and 
challenge each other and how as a group they decide on whether or not a solution is 
acceptable (Op ‘T Eynde et al., 2002, p.13). Their definition of the social context in a 
mathematics classroom includes discussion about the role of the mathematics teacher and 
the role of students.   
Examples of this interaction between group members and challenges to each other’s 
solutions were seen frequently in the inquiry units of work. In this first example below, 
students from two different groups interacted with a student from the group that was sitting 
directly in front of them. There was debate between the two groups about whether or not 
the personal trainer business could be viable. The student asking the initial questions (Erin) 
was considered in this class as a very high performing mathematics student (from Task 1). 
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182 Erin: How can you have $150 per week for fuel? How many clients do you have? 
183 Jenny: Well we have actually built a large client base [Laughs]. Under pressure, this 
is me when I’m asked something [squints eyes]. 
184 Erin: Is this a five or a two [pointing to their working out]? 
185 Jenny: [Squints] Ummmm.  
186 Richard: Well, that’s a five and that’s a two [pointing to sheet]. There are two groups 
per week of five people in each group. 
187 Erin: Is that reasonable? 
188 Jenny: Yes, well this is coming from gym junkie over here [points to another group 
member]. 
189 Peter: I am not a gym junkie [laughs]. 
190 Jenny: You are so, that’s all I ever hear you talking about [trailed off] 
191 Erin: [Passes sheet back] I still don’t understand it. 
192 Jenny: Understand what? 
193 Erin: I disagree with it. 
Students in this group appeared to accept a perceived lower level of understanding of the 
task compared to Erin, as expressed verbally with statements such as, “Under pressure,” 
(line 185) and non-verbally with squinting gestures. Despite the feeling of pressure, Jenny 
persisted with her defence of Erin’s criticisms and bought in the practical, experienced 
student argument (line 188). Eventually the two groups appeared to decide to disagree 
(line 192-193). The example above appears to contradict arguments by Op ‘T Eynde et al. 
(2002) that classrooms generally reach conclusions about the validity of results in inquiry 
environments. The interaction may have reinforced students’ understanding or beliefs 
about theoretical versus practical knowledge. It may also have challenged students’ 
preconceived notions about aspects of creativeness in mathematics as measured on the 
final MAS survey with questions such as, “There are many different ways to solve most 
mathematics problems.” 
Within the first unit of inquiry, students in a different group were trying to decide on how 
many people they would be able to train at one time. One student was suggesting 25 
clients and someone argued that this was an exaggerated number of clients. The following 
exchange occurred as a result (from Task 1). 
194 Chloe: [Turning to another student] Do you have some input? 
195 Michelle: What? 
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196 Chloe: Do you have input? 
197 Michelle: Well I thought we were having two groups. 
198 Chloe: OK so what should be the most? 
199 Michelle: I think 10. 
200 Michael: Well let’s have two groups, yours can be 10 and mine will be 25. 
201 Michelle: Ok, for ours it can be five to eight or something. 
This exchange above showed a democratic approach (line 196) to determining a final 
solution to this open-ended, ill-structured inquiry task. Working together to compromise an 
outcome has been argued to improve the motivation of students (Calder & Brough, 2012). 
Throughout the unit, this group of students maintained the split of 10 and 25 people per 
group and all the group’s calculations were based on these numbers. The promotion of 
democratic and inclusive methods during the learning of mathematics may influence 
students to broaden their ideas about the concept of right and wrong answers in 
mathematics. If this does occur, it can be argued that students would develop a more 
sophisticated understanding of how society can influence mathematics as outcomes can 
be dependent on the opinions of individuals.  
At the end of the first inquiry unit, students presented their answers to the group. During 
the presentations, discussion arose about different perceptions of viability. The 
conversation between students in the room brought in the concept of the poverty line and 
the unemployment wage. Once this erupted, students began discussing what the minimum 
amount required would be to survive and different scenarios (e.g.,, living at home with 
parents or not) were raised to challenge the notion of viability. 
At this point the researcher directed the class conversation to the indexed taxation 
brackets that most countries have and asked for an explanation about why they are 
designed this way. Students quickly saw the link and argued that it was more equitable for 
lower paid workers to pay less tax and vice versa. Jaworski (2006) concluded that inquiry 
environments allow for greater scope of conversation than non-inquiry environments. 
Using traditional methods, it is unlikely that discussions would arise about the poverty line 
or the social reasons for indexed taxation brackets. Exposure to experiences that link to 
the real-world outside of the mathematics classroom may have broadened students’ 
understanding of the usefulness of mathematics in our society and our everyday lives 
(Dewey, 1938). This reflects the findings of Fielding-Wells & Makar (2008) that inquiry 
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methods in mathematics may deepen mathematical learning and make it easier for 
students to understand the world. 
As discussed in section 6.3, some students relied on practical methods to arrive at 
solutions for the inquiry units. During the second inquiry unit, the following excerpt 
demonstrates how two girls were trying to answer the question, “How many games does a 
punter need to play in order to be guaranteed a win?”  
202 Rachel: Well I think we should say 12 times. 
203 Ming: Why 12? 
204 Rachel: You would be very unlucky if the odds are one to six and you didn’t get it 
after 12 times. 
205 Ming: Should we test it. 
The students then set about rolling two dice a number of times. After this was finished the 
following exchange occurred (from Task 2). 
206 Researcher: Ok, where are you up to with this question? 
207 Ming: We decided 12 times to be guaranteed a win. 
208 Researcher: Ok, why is that though? 
209 Rachel: We rolled the dice for 3 lots of 12 times and we always got a minimum of 
one win. 
210 Researcher: So how many trials is that, how many trials would a casino have? 
211 Ming: Ok, we’ll do one million trials [laughs]. 
Ming responded quickly (line 211) and therefore she seemed to be prepared to defend 
against this line of questioning. These students displayed confidence with their results as it 
was based on real trials and rolls of the dice. This could be interpreted as Ming challenging 
the researchers question (line 211), as she was suggesting that it is impractical to simulate 
the casino environment and therefore justified their findings. The researcher took this 
opportunity to steer these students to the notion of theoretical versus practical probability. 
After the discussion students appeared to see the link between their prior learning in this 
topic and the casino question. This may have assisted with the students connecting real-
world, life experience with the mathematics classroom (Dewey, 1938). The experience 
may also have elicited an increased feeling of self-efficacy due to the way they handled 
the mathematical problem and the defence of their answer (Bandura, 1986). 
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The nature of the ill-structured tasks meant that students were involved in developing a 
shared understanding of the task and needed to put themselves in context to properly 
interpret the question. This could be argued to improve the relevance to them as 
individuals and society members, regardless of their perceived need for mathematics in 
their future careers. Some students did find it difficult to use the context of the second task, 
for example on one student workbook a student wrote the note below. 
212 Billy: How much should casino pay? A lot because they can afford it! 
The inquiry learning environment allowed students to discuss social aspects that arose as 
a result of their context. The group exchange below took place towards the end of the 
second inquiry unit.  
213 Callum: This casino won’t get any profit, unless we change it so they can win. If 
someone was really lucky and someone else was unlucky, then wouldn’t it even out?  
214 Brian: Yeah, talking to Miss about it, and everyone expects it to be a rip off, it’s a 
casino. 
215 Paul: This is why you don’t gamble. You go in to a casino with an amount of money 
and you only spend that, anything you win you put it aside and it’s ok to lose that. 
Otherwise you end up broke and spending $2000 like [ ]’s dad. 
So the conversation had moved from one of mathematical experience (line 213) to life 
experience (line 215). This type of learning experience reflects the theories of Dewey 
(1938); that all learning is an extension of life experience. 
Other groups reflected that their initial approach may have left them in less defensible 
positions for their final outcome. During post-task interviews, the comment below came 
from a member of the group that approached the question from a practical perspective by 
rolling the dice 100 times to determine the necessary probabilities (from Post-task 2 
interview). 
216 Brad: I think at first I wasn’t approaching it mathematically enough, I was just 
thinking about how it looks, from a marketing perspective. 
Brad seems to be acknowledging that a casino owner would be thinking mathematically 
when making decisions about the odds for a game. A challenge may have occurred to 
Brad’s ideas about the role mathematical knowledge can play in society and the real-world. 
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During the second inquiry unit one component of the ill-structured task asked students to 
respond to the question, “How many games does a punter need to play in order to be 
guaranteed a win?” The class had spent approximately one week studying simple events 
and single sample space situations, the concept of certainty in probability had been taught, 
and exercises involving these concepts were completed by students. Despite these direct 
teaching episodes, students found this aspect of the ill-structured task challenging, as 
evidenced in the student conversation below (from Task 2). 
217 Ming: I don’t get it. 
218 Rachel: Yes, me either. 
219 Ming: That’s exactly what we did before but it’s in a different format [question]? 
220 Rachel: I don’t know, this is really difficult.  
221 Ming: We are only given a certain amount of information, there is only 36 patterns.  
222 Ming: Sir, it won’t be 100% but that question says, “How many games do you play 
to be guaranteed a win,” would that be 36, because there are 36 patterns? 
223 Researcher: That’s a good way to think about it. There is not a right and wrong 
answer here, it is open for interpretation. What ratio of payout did you get? 
224 Rachel: They do have a lot of money because there is a very low chance of 
someone actually rolling a seven. So they will be able to payout a fair amount.  
225 Researcher: Did you decide on a ratio though, if I bet one dollar what would I get if I 
won? 
226 Ming: Oh, we don’t know. 
227 Researcher: Ok, well what’s the chance of winning? 
228 Ming: 2.6%, or 6 out of 36. Or one in six. 
229 Researcher: I think you will find that 6 out of 36 is more than 2.6%, but ok, one in 
six. So what will the casino pay if I win? 
230 Ming: Six! 
231 Rachel: No, 60 [laughs]. 
232 Researcher: Would you as the owner make a profit? If it was one in six? 
233 Rachel: I don’t want to own a casino. 
234 Ming: Oh, ok, that’s pretty hard. If I was the owner of the casino, I wouldn’t want to 
pay six. 
235 Rachel: So are you saying we need to pay less than that so we make a profit? 
236 Researcher: I understand your position on casinos, but if they just gave away 
money then they wouldn’t be around very long. This is at the heart of what we are 
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trying to teach you, all of these games at a casino are just that, games and they will 
always design them so that they make money. You cannot beat the casino. They 
know the odds. While as one person you might walk in and win six dollars, across a 
million games the casino will always make a profit. 
237 Rachel: So we will say five. 
238 Researcher: Ok, so let’s go back to your original question, how many games do we 
need to play in order to be guaranteed a win? 
239 Ming: Six! 
240 Researcher: Well, how can you be sure? 
241 Rachel: We rolled the dice 12 times and we got 2 sevens. 
242 Researcher: Ok, well will you always be that lucky? Keep thinking. 
When presented with a question about guaranteed odds, the researcher challenged the 
students thinking about the original question (line 238) and found that they had not 
completed or understood this aspect of the task. Once this lack of understanding was 
established, the students and researcher discussed aspects of gambling using a different 
perspective, namely imagining you were the owner of a casino. From this point in the 
conversation, the researcher took the opportunity to highlight the way the odds for 
gambling can be different for individuals but across a society, there is always one outcome, 
the casino will make a profit. This is an application of many of the concepts of chance such 
as how sample size can affect the expected outcomes.  The opportunity to engage 
students in conversations that allow them to discuss their values in mathematics is rare 
(Brady, 2001). Experiences such as the one described above may have provided a 
situation that challenged the students’ beliefs of the role mathematics plays in our society 
and in our everyday life.  
Another aspect associated with the social context of mathematics was its relationship to 
student’s future after school. Discussions about this aspect from one group are outlined 
below (from Post-task 2 interview). 
243 Researcher: So do you think maths is important to your future? 
244 Kade: Yes, I want to be a cabinet maker, so there is a lot of maths and measuring 
out and so on. 
245 Lionel: Maybe, I don’t know what I want to do yet [laughs]. 
It appears that these students could readily identify that they might need the skills learned 
in mathematics in their careers, however they did not mention using mathematics in their 
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everyday life. The excerpt above suggests that these students considered needing 
mathematics for their future if their job directly required it (line 245). One aspect of inquiry 
learning is writing questions that contextualise and hopefully connect student learning with 
their everyday life, not just their future careers. The conversation went further with these 
students as shown below (from Post-task 2 interview). 
246 Researcher: So you have to keep your options open [Lionel]. Is what you are 
learning in Maths A important? 
247 Lionel: I think what we are learning is better than Prevocational Maths. When you 
are in Maths A your employer looks at your resume and says, oh he’s in Maths A 
and he’s in Prevocational Maths. So, I am going to choose the Maths A candidate, 
not the Prevocational Maths candidate cause he is going to know more. 
This highlights an important point. When answering the survey questions such as, 
“Mathematics will not be important to me in my life’s work,” and, “Knowing mathematics 
will help me earn a living,” student’s perceived choice of future careers would most likely 
have influenced their responses. Students at this age of 16 years old may have some 
notion of what future job they are seeking and so the relevance of mathematics to their 
careers could be based on the assumption they will attain this job type.  
Simpkins, Davis-Kean and Eccles (2006) research highlighted the relationship between 
motivation and beliefs towards mathematics and differences in the achievement of the 
students being studied. While their research found no significant difference for gender, the 
lack of female graduates entering mathematics based professions such as trades or 
tertiary studies in Science, Technology, Engineering and Mathematics (STEM) has been 
highlighted in recent years (Kimmel, Miller & Eccles, 2012). So female students who did 
not see a future in a mathematics based profession may have lower responses on these 
questions in the IMBS and MAS.  
6.6 Summary of Chapter 6 
The intention of this chapter was to gather insights into specific aspects of inquiry-based 
learning that may be responsible for influencing students to take on more sophisticated 
belief systems in regards to mathematics. A number of students in this class articulated 
that the inquiry-based learning environment was notably different to their normal learning 
experiences. The use of the ill-structured tasks and inquiry-based learning appears to 
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have created situations that exposed and challenged students’ beliefs and attitudes 
towards mathematics.  
The use of Dewey’s (1915,1938), Bandura’s (1977, 1986) and Goodykoontz’s (2008) 
theories assisted with exploring the categories of beliefs as outlined by McLeod (1992). 
There were examples of student actions and interactions that could be described using 
these frameworks and this allowed for identification of times when students’ beliefs and 
attitudes were being engaged, exposed and challenged.  
It can be argued that the evidence presented in this chapter highlighted that different 
aspects of the ill-structured tasks and inquiry learning process contributed in different ways 
to affect students’ belief and attitudes towards mathematics. This has led to the 
development of a summary of aspects discussed in each of the four beliefs sections in this 
chapter. This has been collated into Table 6.3 below. 
Table 6.3 
Aspects of inquiry that may affect students’ beliefs and attitudes towards mathematics. 
Aspect of Inquiry Primary Affect Observed Belief Category (McLeod, 
1992) 
Contextualised task Application to real-world is 
made obvious 
Nature of mathematics 
The social context 
Questions are front loaded, 
complex and multi-step 
Creation of uncertainty Nature of mathematics 
How mathematics is taught 
Focus on understanding the 
problem (discover phase) 
Seek relational 
understanding 
Nature of mathematics 
How mathematics is taught 
Allowing for deep 
conversations that go beyond 
learning goals 
Value the power of 
mathematics in society 
and everyday life 
Nature of mathematics 
The social context 
Collaborative approach to 
democratically decide on 
answer 
Challenge of the one 
correct answer style 
Nature of mathematics 
The social context 
Focus on communication of 
process rather than final 
solution 
Value deep understanding 
of tasks 
Nature of Mathematics 
How mathematics is taught 
Encouraging creative solutions 
and arguments 
Risk taking is accepted as 
part of solving problems 
Nature of Mathematics 
Self-efficacy for mathematics 
Expectation that students 
will/may make errors as part of 
the learning process 
Builds resilience and 
reduces learned 
helplessness 
Self-efficacy for mathematics 
How mathematics is taught 
Challenge student answers 
(defense phase) 
Confidence with answers 
is built 
Self-efficacy for mathematics 
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The combination of these aspects in Table 6.3 provides an overview of the impact of 
inquiry learning on students’ beliefs and attitudes in mathematics, however these impacts 
would not all be felt by each individual. The information in this table summarises the 
experiences from a whole class and hence may be argued to be an exaggeration of the 
impact on individuals. For example, not all students connected with the contextualisation of 
the tasks provided and therefore some students may not have seen any greater 
application to the real-world than in their traditional mathematics lessons. Therefore the 
next chapter will use a case study approach to explore the experiences of three individual 
students in an attempt to explore any progression of belief or attitudinal changes as well as 
the breadth of experience with the aspects of inquiry outlined in Table 6.3.  
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Chapter 7 
Case Studies 
7.1 Introduction 
This chapter builds upon results and discussion from the previous two chapters. The 
intention was to provide insight into the ways that ill-structured tasks presented in an 
inquiry learning environment might affect students’ beliefs and attitudes towards 
mathematics. In chapter 6 a number of whole class themes emerged and these have been 
summarised in Table 6.3. This chapter seeks to provide information on how individual 
student’s beliefs and attitudes were exposed and challenged throughout the study. 
As described in detail in chapter 4, this study followed the experiences of one class of 
students in a State High School in Queensland, Australia. There were approximately 25 
students involved in this study over the one and a half year period. Participants of three 
case studies were selected from the class that was being observed. It was decided to 
choose one participant from each of the A, B and C outcome level based on their term 1, 
Year 11 results. This was intended to provide a broad range of beliefs and attitudes to 
allow for greater exploration. 
In addition to this requirement for three students of different outcome levels, student’s 
responses on the subscale of attitude from the MAS and the subscale of usefulness from 
the IMBS were examined to identify students with disparate responses. The three students 
selected were given the pseudonyms Chloe, Glen and Erin. Their results for these initial 
surveys are presented below in Tables 7.1 and 7.2 in order to highlight the disparity in 
response between the three students. Each of the three student’s responses on the initial 
surveys was considered as representative of groups of beliefs and attitudes within the 
class. 
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Table 7.1 
Case study participant’s responses on the initial IMBS for the Usefulness subscale 
IMBS Usefulness Subscale Chloe Glen Erin 
6 I study mathematics because I 
know how useful it is Disagree Strongly Disagree Agree 
13 Knowing mathematics will help 
me earn a living. Disagree Strongly Disagree Strongly Agree 
20 Mathematics is a worthwhile 
and necessary subject. Disagree Undecided Agree 
26 Studying mathematics is a 
waste of time. Agree Agree Strongly Disagree 
30 Mathematics will not be 
important to me in my life’s work. Agree Strongly Agree Strongly Disagree 
36 Mathematics is of no relevance 
to my life. Agree Strongly Agree Strongly Disagree 
 
Table 7.2 
Case study participant’s responses on the initial MAS for the Attitude Subscale 
MAS Attitude Subscale Chloe Glen Erin 
Q5: I am looking forward to taking 
more mathematics. Strongly Disagree Strongly Disagree Undecided 
Q7: No matter how hard I try, I still 
do not do well in mathematics. Agree Disagree Disagree 
Q8: Mathematics is harder for me 
than for most people. Agree Disagree Strongly Disagree 
Q13: If I had my choice, this would 
be my last mathematics course. Strongly Agree Strongly Agree Undecided 
Q18: I am good at solving 
mathematical problems. Disagree Agree Agree 
 
Each case study is presented in chronological format and the individual inquiry tasks and 
interviews are labelled to indicate this. Data analysed in chapter 6 was not repeated in this 
chapter. A final discussion and summary of the case studies is presented at the end of this 
chapter. 
7.2 Case Study 1 - Chloe 
The first case study focuses on Chloe, a pseudonym for one female student in this class. 
Chloe was a typical student in this class in a number of ways. Firstly, she maintained a 
standard pass rate of C throughout the two years of her study. In this class, 13 other 
students exited the subject with a C. Secondly she was of the same age as the majority of 
other students. Thirdly she indicated to the researcher that she chose Maths A because 
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she, “Felt like I had to, not because I wanted to.” Chloe’s responses on the initial surveys 
and mathematical task were reflective of a group of about one third of the students in this 
class and are discussed in more detail below. 
Chloe had responses on the initial surveys and tasks that indicated a low level of 
appreciation of mathematics. For example, one statement in the Maths Appreciation 
Survey (MAS) was, “I look forward to taking more mathematics.” From this class, only one 
student agreed with that statement, six students disagreed and four students strongly 
disagreed. Twelve students reported that they were undecided. Chloe was one of the four 
students who strongly disagreed. In the open-ended question, “What is mathematics,” 
Chloe wrote, “I would respond by saying it is important if your job needs it, but I hate it. It’s 
all confusing, musicians don’t need too much math.” Field notes from conversations 
between Chloe and the researcher indicate that she considered herself ‘creative.’ When 
presented with the statement from the MAS survey, “There is little place for originality in 
solving mathematics problems,” Chloe strongly agreed. Chloe also strongly agreed that, “If 
I had my choice, this would be my last mathematics course.” Chloe appeared to consider 
that learning mathematics was not strongly associated with her skills of creativity. 
Chloe’s self-efficacy towards mathematics could be described as low. Chloe disagreed 
with survey statements such as, “I feel I can solve problems that take a long time to 
complete,” and “Math problems that take a long time don’t bother me.” She agreed with 
statements such as, “Mathematics is harder for me than it is for most people” and “No 
matter how hard I try, I still do not do well in mathematics.” Chloe indicated that she saw 
little use for mathematics outside of the classroom. On the Indiana Mathematics Beliefs 
Scales (IMBS) survey one statement was, “The content of this course will be useful for my 
future.” On the initial survey for this class, eight students disagreed with this statement and 
Chloe was one of those eight students. Similarly, Chloe agreed with the survey statement 
that read, “Mathematics will not be important to me in my life’s work.” On an initial open-
ended question that asked, “What reason would you give for someone to study 
mathematics?” Chloe wrote, “They must need it or they are just strange.” Chloe indicated 
to the researcher that she felt she already had the necessary mathematical skills to get the 
job she desired in the workforce.  
Students were all given an initial mathematical task. This was an open-ended question 
based on the unit of work they had just completed. Chloe showed some understanding of 
the problem but failed to use mathematical argument to support her case. The lack of 
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ability to use mathematics to answer open-ended, inquiry style questions has been noticed 
by other researchers and is postulated to be due to students having low exposure to this 
style of question (Fielding-Wells, Dole & Makar, 2014, p.50).  
Chloe’s responses on the final surveys and mathematical task are now discussed. There 
appeared to be an overall shift in regard to her responses about the nature of mathematics. 
Chloe’s response to the MAS statement, “If I had my choice, this would be my last 
mathematics course,” moved from strongly agree to agree. This possible shift of position 
could indicate that she was not so adamant about future courses in mathematics in her 
endeavour to become a teacher. In addition to this, when asked to respond to the 
statement, “Maths will not be important to my life’s work,” Chloe’s response progressed 
from agree initially to disagree on the final survey. This is supported by her statements in 
post-task interviews where she expressed that some units, “The money stuff” (line 336), 
did appear useful to her future while others did not. Chloe’s responses had become more 
positive for 7 out of 14 statements on both the IMBS and MAS that related to the 
usefulness of mathematics. 5 out of 14 statements related to the usefulness of 
mathematics had not changed across the study and 2 out of 14 statements had become 
less positive. 
Chloe repeatedly verbalised her view of herself as a creative, ‘music type’ of person and 
her preference for subjects that she believed were cultivating these talents. It appears that 
in her opinion, mathematics did not develop or allow these types of skills. When asked on 
the final survey, “There is little place for originality in solving mathematics problems,” 
Chloe’s response had moved from strongly agree to agree. Chloe’s responses on the MAS 
subscale that related to creativity in mathematics had become more positive for three out 
of seven statements, stayed the same for two out of seven statements and become less 
positive for two out of seven statements. 
On the IMBS statement, “Mathematics is harder for me than it is for most people,” Chloe’s 
response changed from agree to strongly agree. Chloe reinforced this belief in post-task 
interview when she explained her increased difficulty for learning mathematics due to 
dyslexia. Despite this apparent belief of her ability in mathematics when compared to other 
students, Chloe’s response to the statement, “No matter how hard I try, I still do not do well 
in mathematics,” changed from agree to undecided. As mentioned previously, Chloe did 
pass this mathematics course for each assessment over the two year period and this may 
have contributed to the movement in response. On the final surveys, Chloe still disagreed 
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with statements such as, “I feel I can solve problems that take a long time to complete” 
and “Math problems that take a long time don’t bother me.”  
Chloe’s response to the final mathematical task was described as providing hypothesis. 
Chloe made a correct interpretation of the question and was able to develop a reasonable 
response. It appeared that Chloe had possibly learned to answer this question type. This 
suggests that practice with ill-structured tasks allowed Chloe a better chance of 
successfully interpreting and completing these task types.  
Some of Chloe’s classroom experiences are now examined in chronological order. While 
not all recorded excerpts that involved Chloe have been presented here, the excerpts 
below cover the range of beliefs as outlined by McLeod (1992). The following table is a 
summary of the excerpts in each inquiry unit for Chloe mapped against McLeod’s (1992) 
categories of beliefs. The selection was designed to explore possible progressions in 
students’ beliefs across the course of the study. A unit consists of the task and post-task 
interview. 
Table 7.3 
Summary of excerpts presented for Chloe, mapped against belief categories 
Belief Category (McLeod, 1992) Unit 1 Unit 2 Unit 3 
Nature Of Mathematics ●●● ● ●● 
Self-Efficacy ●  ● 
How Mathematics is Taught  ●● ● 
The Social Context ●  ● 
 
 
7.2.1 Task 1 
Once Chloe had completed the initial surveys and the mathematical task, the teacher of 
the class began teaching the next topic using an inquiry approach. With assistance from 
the researcher and using a design experiment approach, the teacher developed an open-
ended task that had the potential to incorporate most of the major concepts from the unit of 
work to be studied. Students were asked to work in groups and the teacher carefully 
guided them through the inquiry process. This is discussed in further detail in the 
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methodology section of this report (chapter 4). Task 1 took place over a three week period 
during their timetabled Maths A lessons. 
The first inquiry task asked students to consider themselves as a personal trainer just 
about to begin their own business. In this scenario, students were asked the single 
question, “Will the business be viable?” As described in the previous chapter, the teacher 
explicitly taught the guided inquiry process and asked students to focus on mathematical 
reasoning to make their final arguments. 
Chloe worked in a mixed gender group of about three or four students throughout the 
eighteen months over which this research was conducted. Within the first few minutes of 
the discover phase of this task, Chloe and her group had decided that they didn’t want to 
consider a personal trainer business but instead chose a Music and Gun shop business. 
Chloe had expressed a reluctance to get into context as a personal trainer and described 
this aspect of the task as ‘impossible.’ The teacher agreed with this change for the group. 
Ellis (2004) suggested that any student centred approach to learning should allow students 
to follow their areas of interest and be creative in the way they approach learning. The 
alteration to the context appears to have allowed this group to experience an opportunity 
to be more creative when learning mathematics.  
As the groups in the class worked through aspects they needed to consider to make the 
business viable, the topic of how much they would charge for music lessons arose. Chloe 
made a case for $30 per hour and $15 per half hour and the group agreed. A short time 
later, the teacher put the question to the class, “How much would you charge per hour?” 
One student who is not in Chloe’s group suggested $60 per hour. The teacher agreed this 
was acceptable and wrote the figure on the board. The excerpt below outlines the 
conversation that transpired between Chloe and a group member at this point 
(pseudonyms have been used throughout these case studies). 
248 Rob: How much were we going to charge? 
249 Chloe: $30 per hour and $15 per half hour for music lessons. 
250 Rob: But they’re saying $60 per hour for personal training. 
251 Chloe: Let’s make it $80 per hour then [laughs]. 
252 Rob: Yeah, ok, $40 per half hour. 
The suggestion of $60 per hour appeared to be quickly assimilated into Chloe’s 
calculations. The assimilation of other people’s suggestions into Chloe’s response to the 
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ill-structured task may be an indication of her self-efficacy for this work in mathematics. 
Bandura (1986, p. 400) argued that students with low self-efficacy are more willing to take 
on alternative viewpoints from other students.  
Explicit teaching of the defend phase as part of the guided inquiry process was designed 
to encourage the internalisation of a critical approach for students (Makar, 2012). At times 
the challenge of ideas and arguments came from students within the groups. For example, 
one of Chloe’s group members questioned the combination of a music shop and gun store. 
An excerpt from the conversation is below. 
253 Mia: Music and guns don’t really go together. 
254 Chloe: Yes they do because music people love guns and gun people love music, so 
it’s all good. 
255 Rob: Don’t ask, OK, it just makes sense in our head. 
256 Chloe: It’s not necessarily going to work out in the real-world, but this isn’t the real-
world this is maths. 
Her response in line 256 appeared to suggest that Chloe did not see the reality of the task 
they were attempting. Allowing these students to alter the scenario to a gun and music 
shop appears to have done little to assist with the students developing a context they 
would see as useful in the real-world. It should also be noted that defence strategies 
employed by Chloe and Rob were not using mathematical arguments to justify decisions 
they had made. Makar (2012, p. 375) suggested that a suitable defence may convince the 
audience of decisions and conclusions and this did not appear to have occurred for this 
group. 
At this point the researcher interacted with this group and posed some challenge questions 
regarding their business model. Once the researcher left, Chloe was heard attempting to 
refocus the group by saying “OK, OK we need to make this a reality now.” Following this 
exchange the group’s conversation turned to other aspects of running the business 
including which times and days they would offer classes, how many customers they could 
have in each group and what the physical space requirements would be like. The 
contextualisation and visualisation took approximately five to six minutes and included 
input from all four group members. The tone of students’ voices changed during this phase 
and ideas were verbalised and written down with little debate or decision.  
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The whole class required teacher redirection at this point. The teacher and researcher had 
noticed that many of the conversations were focused on the income stream and ignored 
the associated costs with running a business. The teacher used the guided inquiry 
flowchart to ask some challenge questions of the whole class. This appeared to expand 
the students’ understanding of what other things could be taken into consideration to 
answer the ill-structured question. Chloe’s group picked up on this and began listing costs 
associated with a music and gun shop. After some time working through this the following 
exchange occurred: 
257 Researcher: So, how is the music and gun shop going? 
258 Chloe: Ask her, she is the numbers lady of the business because I see numbers 
and I go, “la da la.” 
259 Zara: So we are upping the price of the gun lessons? 
260 Chloe: Yes we are upping the price of the gun lessons and also the music lessons 
to $25 per session. 
261 Zara: Now I’ve got to do all of this again. 
262 Chloe: Then we are dropping down to five guns, so we, you know, can actually 
afford it. 
263 Rob: Well, we still need to buy guns to sell as well. 
264 Chloe: Not now dude, not now. 
265 Researcher: So you are readjusting because you made a loss? 
266 Chloe: Well, yes, we are readjusting this because we think we made a loss. 
267 Rob: Yeah about a $2000 loss. 
268 Chloe: Well, that was just for the guns. 
269 Researcher: How do you make a loss on the guns? 
270 Rob: Well you need guns to use for training people for their gun licence. Normally 
you would have about 10 guns, but at $1000 each that’s $10 000 so that is way 
outside of our price range. 
271 Researcher: Will you also need a licence for each gun? 
272 Rob: Yes, yes we will, we need to add that on. 
273 Chloe: She [Zara] is crunching numbers. 
274 Zara: You can add that in your own book [laughs]. 
The above extract appears to show that the students in this group were visualising the 
actual equipment they would need and how many items they would require (line 270). The 
students also discussed that even with five guns they would still be able to run licence 
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sessions for up to ten people because they could share guns. It also appears the students 
had reached a point of rationalisation regarding the start-up costs and possible income 
from the business (line 266). This indicates they may have engaged with the task in the 
way intended as part of this research and in a way they would most likely not have 
experienced if learning in a traditional mode from the textbook. The contextualised task 
may therefore have challenged their view about the usefulness of mathematics in the 
world and in their future and this has been noted in other research projects (Armstrong & 
Price, 1982; Boaler, 1993; De Corte et al., 2008). 
From this point in the sequence of lessons, the group determined their costs and income 
and found they had made a profit. The class was then directed to consider taxes and the 
students worked with teacher direction to reach a conclusion. Once the conclusion was 
determined, the group needed to make a judgement on whether or not they thought the 
business was viable as per the original question. In the end, the group decided they would 
only have $600 per week after tax if they ran this shop. They agreed as a group to say it 
was not viable. These interactions do appear to have reflected the theories of Bandura 
(1986) that students can socially construct learning outcomes. It is also possible that 
completion of this lengthy, open-ended task may have allowed students to gather an 
appreciation for questions that take more than five minutes to complete (McLeod, 1992) 
and this may broaden their beliefs about the nature of mathematics. 
The teacher asked them to write their mathematical workings on the whiteboard and 
discuss them with the class. Observations of video data showed that the class reaction to 
their presentation could be described as acceptance. This may have allowed students in 
this group, including Chloe, to reflect on her self-efficacy with difficult word problems and 
this may have influenced her response to final survey statements such as, “I feel I can do 
math problems that take a long time to complete.” 
7.2.2 Post-task 1 Interview 
Students were asked to answer a series of questions after the unit was complete. Chloe 
agreed to complete these interviews. Zara was the other group member who joined Chloe 
for the first and second interviews. The first question asked students to reflect on which 
subjects were their favourite to learn. 
275 Chloe: Maths, ha, ha [laughs]. 
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276 Researcher: [Laughs] There is no right and wrong answer here, but that would 
appear to go against what I have heard from you during this unit of work. 
277 Chloe: Good point, no um, Music and Art are my favourite subjects because I can 
really be myself in those subjects. I can really get into them in terms of letting out 
emotions, it’s just great, I love it. 
278 Researcher:  What’s your least favourite subject then? 
279 Chloe: Maths … [laughs]. Yeah, I just suck at it. 
280 Researcher: What about how you are doing in Maths this year compared to last 
year? 
281 Chloe: I’m passing and that’s an achievement in itself. The last two years I have 
never passed. 
282 Researcher: Do you think you will use Maths again in your life after school? 
283 Chloe: Well yes, of course, calculating taxes. If I’m going to be a musician after 
school, I need to work out how much I’m earning, how much tax I’m paying, how 
much my album is going to cost, etc. 
The final comment in line 283 above appears to be a progression from her initial views of 
how useful mathematics would be after school. It is also pertinent to note that this was the 
fourth unit of work students had completed in the year and Chloe related usefulness to the 
aspects she had learned during the inquiry unit of work. This may be due to this unit being 
the one she had just completed and not due to its perceived usefulness to her. However, it 
does appear that Chloe may have been challenged in her beliefs about the usefulness of 
mathematics.   
The interview continues below. 
284 Researcher: What did you think about the tasks that we did? Did you feel like they 
were any different to how you would normally learn maths? 
285 Chloe: Yeah definitely they were different. Because, usually from maths we just go 
to the textbook and read all the problems. And it’s boring; this one was more fun 
because we could actually get into it. And like, visualise it. Rob has a plan to 
actually open a gun shop, but now we realise you would actually need to pay out 
more than you would earn. 
286 Zara: Yes so you would need to get a loan. 
287 Chloe: Yeah I suppose. 
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The statement from Chloe that, “This one was more fun,” (line 285) also appears to be a 
progression from her original statements where she stated, “I hate it [maths].” Chloe’s 
expression that it was fun may have been due to the presence of the researcher. However, 
Nisbet (2006) argued that enjoyment of mathematics influences students’ attitudes 
towards mathematics. It appears that this unit of work challenged Chloe’s concept of how 
maths can be learned and how useful it will be for her and her friends after school. 
Continual exposure to challenges such as this may bring about a change or broadening of 
her beliefs in regard to the nature of mathematics (Goodykoontz, 2008). 
Chloe also appeared to be willing to accept the final statement from Zara that provided an 
alternative way to consider Chloe’s final summary that the gun shop would be unviable. 
This may have influenced Chloe to develop a broader understanding of how answers in 
mathematics can be arrived at through consensus rather than a one correct answer model 
she may have been more familiar with. 
7.2.3 Task 2  
The second inquiry unit of work occurred with this same class about four months later. In 
the ill-structured task students were asked to consider the odds for a made up game called 
the Game of 7s. Students were required to roll two dice and add the scores. Students had 
previously completed a unit of work on sample space and they had specifically been 
taught about compound sample space. Chloe was with the same group of peers for this 
task. 
288 Mia: Do you think the school is teaching us to gamble? 
289 Chloe: When you go into a casino you take a set amount of money. Anything you 
win you keep aside, but when you use the set amount you leave. You don’t stay 
there and go, “Oh, I might be able to win more with some of this.” You don’t, you 
leave, you go. 
290 Mia: Yeah. 
291 Chloe: That’s like [  ]‘s dad, he asked for the mum’s credit card to get KFC and 
came back the next morning. There was $2000 gone from the credit card. 
292 Mia: Really? 
293 Chloe: Yeah, he was a [  ]. 
This dialogue above may suggest that Mia was initially challenging the way this unit was 
being taught. Chloe’s responses appear to be a justification of the experience of looking at 
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these odds and the concept of gambling in class. After this dialogue these students settled 
into the task. Bandura (1986) argued that social interaction influences students to 
complete tasks they might not have otherwise completed and it appears that Chloe’s 
justification for completing the task may have encouraged Mia to continue with the task. 
Students were explicitly taught the guided inquiry process and given an example of a 
typical game used for gambling at a casino. Students were given dice to emulate the game 
they were inventing to assist with developing a concrete understanding of the game. The 
following exchange occurred after they had some time with the dice. 
294 Mia: I think the person has a four percent chance of winning and the casino has 
ninety six percent. 
295 Chloe: Really? 
296 Mia: Yeah, that means the casino can pay a lot, they are rich anyway. 
297 Researcher: How did you work that percentage out? 
298 Mia: Well we worked out how many patterns there are for the dice and then 
converted them to a percentage. So we divided by twelve. 
299 Researcher: OK, but how did you find out the patterns? 
300 Mia: We rolled the dice twelve times. 
301 Researcher: Alright, however [interrupted] 
302 Chloe: But! You mean ‘but.’ 
303 Researcher: How many trials do you think a casino would need to do to work out 
the odds? 
304 Chloe: They would have people playing a thousand times. 
305 Researcher: Yes, even more over a period of time that you are running this game, 
ten thousand or a hundred thousand? 
306 Mia: So you want us to roll the dice a thousand times? 
307 Researcher: Yes [laughs], or is there another way we can work this out? 
308 Researcher: OK, my question to you to help you move past this block, how many 
different ways can we roll a seven?  
309 Mia: Three. 
310 Researcher: OK, what are they? 
311 Mia: One and six, four and three and five and two. 
312 Researcher: Yes, what if you had two different coloured dice? 
313 Chloe: What does that matter!? 
314 Researcher: OK, well is a three and a four the same as a four and a three? 
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315 Mia: So there is six ways to roll a seven. 
316 Researcher: And how many possible combinations are there in total? 
317 Mia: Thirty-six? 
318 Researcher: Right, now I think you have enough information to get you past this 
block. How else might you write down all of the combinations? 
319 Chloe: A tree! 
Chloe and her group’s experience of an impasse was typical for many of the groups in the 
class. As detailed in chapter 6, despite previously learning about the probability of events 
and their compound sample space, no groups in this class were able to make the 
connection between their last unit of work from the textbook and the inquiry task. Both the 
teacher and the researcher moved around to each group and repeated the guiding 
questions to assist students with seeing the link. In the exchange above, the link appears 
to have become explicit to Chloe with her last statement about the tree, which she 
expressed emphatically (line 319). The tree diagram was one of the key methods used in 
the previous unit on compound sample spaces. Calder and Brough (2012) found that using 
inquiry learning environments allowed students to make better connections between the 
mathematics content and the real-world. This appears to have occurred for Chloe in the 
excerpt above. 
Allowing students to have some control over the final outcomes during learning episodes 
has been argued to improve their motivation to complete the task and their self-efficacy in 
solving the task (Bandura, 1986; Dweck, 2006). The challenge questions presented by the 
researcher allowed the students to make their own conclusions. Experiences such as this 
in a mathematics class may have encouraged Chloe and her group to develop self-efficacy 
for answering complex questions that require multi-step approaches and challenged her 
beliefs about her self-efficacy towards mathematics more generally. As the unit progressed, 
students began to make more guided choices in regard to the odds for the Game of 7s. 
Chloe’s group came up with the odds of 1:5. They determined that the odds for a win were 
1:6, but the casino needed to make a profit so the ratio for payout was adjusted slightly 
lower.  
7.2.4 Post-task 2 Interview 
Once the second inquiry unit was completed, the researcher used interviews with pairs of 
students to further explore the students’ experience. Chloe and one of her group members 
volunteered to take part in these interviews. One aspect that appeared to challenge Chloe 
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was relating the second inquiry task to her previous learning on sample space and 
probability. The excerpt below relates to this aspect. 
320 Researcher: Do you feel like this task related to the unit of work you had previously 
been learning and your understanding with compound events and the like? 
321 Chloe: I didn’t have any idea what it had to do with our maths at the moment, I was 
just writing down words. 
322 Zara: I didn’t understand those links either; I find it easier to do single steps rather 
than more than one step at a time. 
323 Researcher: Any other comments about this task? 
324 Chloe: I like the fact it was set in a casino, it’s so much better than normal maths. I 
also like the booklet we used, it’s sort of like Tardus, everything we needed was in 
there. 
It appears that these students found this task particularly challenging (lines 321-322). Field 
notes from the researcher suggest that Zara’s reference to the multiple steps involved was 
something that was commented on by other at least two other students as well. The ill-
structured, inquiry task was designed to require multiple steps to come up with a solution. 
However, the challenging nature of the content for these students seems to have made 
them consider normal, prescriptive step by step work easier to understand (line 322) and 
possibly more supportive for their overall learning. The apparent lack of understanding of 
the task and the comment that mathematics was easier when it was presented in a step by 
step fashion may suggest the students encountered challenges to their cognitive load 
(Kirschner et al., 2010) during this unit as described in section 2.2. 
7.2.5 Task 3 
For the third inquiry task, the students were in their final year of school (Year 12) and 
working on a unit about appreciation and depreciation. This was approximately six months 
after they had studied the second inquiry unit. Again the teacher and researcher met to 
discuss aspects of the course and to devise a suitable ill-structured, inquiry task that 
focused on the unit of work to be studied. The textbook did not require students to 
consider inflation in respect to appreciation and the teacher wanted to explore this aspect 
of learning with her class. Students were provided with two scenarios that related to 
appreciation and depreciation. The teacher also used several of her own Star Wars 
figurines to explain to students the idea behind the task. Students appeared to respond 
well to the figurines and wanted to know more from the teacher’s personal perspective. 
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The following extract appears to capture some of this enthusiasm for the context of this 
task. 
325 Researcher: What’s the plan? 
326 Rob: Buy everything no matter what [punches upwards into air]. 
327 Chloe: Yep we like this stuff. My mum was like the world’s biggest ‘Trekkie.’ I was 
going to buy her a starship for her birthday. 
328 Researcher: Does that mean you were thinking about appreciation and investments 
then [laughs]? 
329 Chloe: No, I don’t think about maths outside of this classroom. 
The contextualisation of the task may have challenged the students’ beliefs about the role 
mathematics plays in our lives, yet the sarcastic final comment from Chloe above 
appeared to negate this view (line 329). This comment from Chloe indicated that she saw 
the role of mathematics as confined within the classroom with little application to her life. 
However, the viewpoint that mathematics was not useful to Chloe outside the classroom 
was contradicted by Chloe at other times throughout the study. 
Later in this lesson, Chloe’s group had made progress on Part A of Task 3. The excerpt 
below highlights one part of the group’s exchange on this topic. 
330 Researcher: So why did you do the 5% calculation like this? 
331 Zara: Well I just wanted to suss [sic] what was happening over one year, so I’ve 
used that one [formula 1]. Then I have used that one [formula 2] for ten years.  
332 At this point Zara opened her textbook to try to use the examples to justify her 
decisions for selection of formulas she had used. 
333 Researcher: Ok, but this one [formula 1] is for more than one year, so what do you 
need to do? 
334 Chloe: Multiply it by five I suppose. 
It was clear that Chloe and Zara had not fully understood the question. After further 
discussions with the researcher, students were able to articulate their understanding of the 
task and the aspects of inflation and appreciation. This discussion included redirecting 
students back to the discover phase and explaining the role of the ‘devise’ phase in 
answering ill-structured tasks. The combination of these experiences may have allowed 
Chloe to more fully appreciate the complexity of the task and the guided inquiry process. 
This may have challenged her thinking about the one correct answer style of question and 
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generated a broadening or change in beliefs regarding the nature of mathematics more 
generally (Goodykoontz, 2008). 
7.2.6 Post-task 3 Interview 
Students were again interviewed in the lesson after the inquiry unit was finalised. Chloe 
and Rob volunteered and were interviewed together. Excerpts from this are outlined below. 
The conversation below picks up on discussion of the usefulness of mathematics outside 
of the classroom. 
335 Researcher: Do you think you will use maths again after this year? 
336 Chloe: Not consciously, maybe subconsciously I will, but I’m not going to make a 
conscious effort to go, “OK, I’m going to use Pythagoras now.” Maybe the money 
stuff I will use. 
337 Researcher: So you won’t need maths next year for more study? 
338 Chloe: Well, I’m going to be a teacher. You don’t need maths to be a Music and 
English teacher. 
Chloe’s beliefs about the lack of usefulness of mathematics appeared to be generally 
persisting, despite times during the inquiry units that these beliefs appeared to be 
challenged. Chloe admitted that ‘the money stuff’ would be useful (line 336) and this may 
indicate a progression or broadening of her belief system. In the excerpt below, the 
researcher focused on aspects related to self-efficacy. 
339 Researcher: How does someone get better at maths? 
340 Rob: Work harder. 
341 Researcher: So everyone can do maths? 
342 Rob: Yes, if they try. 
343 Chloe: Well, some people find it harder like if they have a learning disability or 
Dyslexia like me. 
This final comment from Chloe (line 343) indicated that she believed her Dyslexia may 
have contributed to a difficulty to learn mathematics. This may have contributed to Chloe 
developing a low self-efficacy for mathematics. At this point the researcher decided it was 
not ethical to inquire further about how this affects her in mathematics. Chloe’s self-beliefs 
about her ability in mathematics appeared to be influenced by her learning disability and 
would be considered as being an internal factor by Goodykoontz (2008) and therefore 
much more difficult to influence. This example also supports arguments from Booth et al. 
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(2000) that biological factors need to be considered when trying to understand how 
students learn in a social setting. 
Chloe’s beliefs about the way mathematics should be taught were also sought during this 
interview. An excerpt from this is outlined below. 
344 Researcher: Is it better to work in groups or alone in maths. 
345 Rob: Well, groups but only with some people. 
346 Chloe: You remember more when you can talk about it. If you don’t work in groups 
it’s as boring as anything. 
347 Researcher: What about our inquiry units, did you feel like you learned using this 
style. 
348 Chloe: Yes I did, I found them so much better than normal maths, this time I got to 
geek out and talk to Miss about Star Trek and stuff. I was very happy. 
349 Researcher: Is that different to normal maths? 
350 Chloe: Yes, there was actually an example in front of me. 
351 Rob: The textbook examples don’t make any sense to me at all, this one did. 
352 Chloe: I learn if someone shows me how to do it, so this was good. 
Chloe and Rob both indicated a preference for both group work and learning using inquiry 
(lines 345-346). While it could be argued that they may have felt that was what the 
researcher wanted to hear, their detailed explanations provided support for the 
interpretation that they did find the inquiry approach beneficial. Experiencing a different 
teaching and learning style in mathematics may have challenged these students’ beliefs 
about the way mathematics should and can be taught. It also indicated a progression in 
their general attitude towards mathematics. Chloe describes herself as being, “very happy” 
(line 348), during these classes. De Bellis and Goldin (2002) argued that experiencing 
positive emotions has the potential to lead to changes in attitudes and ultimately belief 
systems for students.  
7.2.7 Summary of Case Study 1 
Chloe always maintained a sense of humour throughout her interactions with the 
researcher and in her responses. When asked the open-ended question on the final 
survey, “What is Mathematics,” she responded by writing, “It is a method of extreme 
torture for students of which the teachers get great enjoyment out of.” Chloe does appear 
to have shifted some of her responses, especially in regard to the usefulness of 
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mathematics in her life and her future. By the third task, Chloe was more open to the 
possibility that she would use mathematics in her future. 
7.3 Case Study 2 - Glen 
Case study two follows the experiences of a male student with the pseudonym of Glen. 
Glen generally worked in a group that included two or more other boys. Glen was typical in 
this class in many ways. He consistently achieved a B average and graduated with a B-. 
Four other students graduated with a B from this class. On the initial surveys and tasks, 
Glen was the only student in the class to strongly disagree with the statement, “I expect to 
use the mathematics I learn in this course in my future career.” Glen also strongly 
disagreed to the statement, “I am looking forward to taking more mathematics.” In a similar 
vein, Glen agreed with the statement, “Studying mathematics is a waste of time.” It seems 
from these and other responses on the questionnaires that Glen had quite a low 
appreciation of the usefulness of mathematics for his future.   
Glen’s reported self-efficacy towards mathematics did appear to be more positive than 
many other students with similar survey responses. Glen disagreed with the statement, 
“I’m not very good at solving math problems that take a while to figure out.” He reported 
being undecided about statements such as, “If I can’t do a math problem in a few minutes I 
probably can’t do it at all,” and “I feel I can do math problems that take a long time to 
complete.” To the statement, “I am good at solving mathematical problems,” Glen agreed. 
These responses appear to indicate that Glen felt he had the ability to complete the 
mathematics required of him if he tried. Glen’s responses on questions related to self-
efficacy changed little when comparing the initial survey results to the final survey results. 
For example, to the statements, “I am good at solving mathematical problems,” Glen 
agreed both at the beginning and end of the project. However, to statements such as, “I 
can get smarter in math if I try hard,” “I feel I can do math problems that take a long time to 
complete,” and “I can get smarter in math by trying hard,” Glen’s final responses showed a 
slight shift from either agree to strongly agree or undecided to agree.  
When asked initial questions about the nature of mathematics through the open-ended 
question, “What is mathematics?” Glen’s response was, “A relative and evolving concept 
used throughout the ages to compartmentalise existence into a workable reference.” While 
there appeared to be a hint of humour in his written response, Glen may have understood 
that there was a ‘bigger’ picture to mathematics and learning mathematics. When asked 
about the use of critical thinking in mathematics, Glen responded by writing, “Critical 
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thinking is used to evaluate the most effective method of approaching a problem in 
mathematics.” Again it appears that Glen is expressing a fairly sophisticated 
understanding of the nature of mathematics. On the survey question, “New discoveries are 
constantly being made in mathematics,” Glen was one of only eight students in this class 
that agreed or strongly agreed with this statement.  
In regards to how mathematics is taught and learned, Glen’s responses to the initial 
surveys appeared to indicate a naïve view of mathematics. For example, to the question, 
“Learning mathematics involves mostly memorising,” Glen was one of only two students in 
this class to strongly agree with that statement and this may give insight into the way he 
approached the learning of mathematics. Glen disagreed with the statement, “Trial and 
error can often be used to solve a mathematics problem.” From these and other questions, 
Glen appeared to have a preconceived notion of how mathematics should be learned and 
taught and he indicated a preference for the teaching style commonly utilised in a 
traditional mathematics classroom.  
Some of Glen’s final survey responses showed shifts from his initial results. For example, 
to the statement, “I expect to use the mathematics I learn in this course in my future,” Glen 
strongly agreed with this statement in his final survey responses whereas he had strongly 
disagreed with the same statement eighteen months before during his initial survey 
responses.  On the statement, “Mathematics is useful in solving everyday problems,” 
Glen’s response shifted from disagreeing with this statement initially to agreeing with this 
statement on the final survey. Glen initially strongly disagreed with the statement, “I am 
looking forward to taking more mathematics,” and he still disagreed with this statement on 
his final survey response, though not strongly. For the statements on the IMBS and the 
MAS that related to the usefulness of mathematics, Glen’s responses were more positive 
for 5 out of 14 statements, the same for 6 out of 14 statements and less positive for 3 out 
of 14 statements. It appears that there was no real change in Glen’s beliefs about the 
usefulness of mathematics based on the survey questions.  
Students were again asked the same open-ended questions after the study was complete. 
For the open-ended questions, “What is mathematics,” Glen’s final response about how to 
describe mathematics was, “Maths is a process involving numbers and formulas to solve 
problems.” When asked about the role of critical thinking Glen wrote, “There hasn’t 
seemed to have been a great deal in the last 12 years.” It appears that Glen’s responses 
had become less positive in regard to these two open-ended questions across the study. 
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Glen’s experiences with the inquiry learning environment will now be explored in 
chronological order. The excerpts selected were intended to provide an exploration of 
possible progression in beliefs and attitudes across the units of work. Table 7.4 below 
maps the excerpts selected with the belief categories as outlined by McLeod (1992). 
Table 7.4 
Summary of excerpts presented for Glen, mapped against belief categories 
Belief Category (McLeod, 1992) Unit 1 Unit 2 Unit 3 
Nature Of Mathematics ●●● ●● ● 
Self-Efficacy ●  ● 
How Mathematics is Taught ● ●●  
The Social Context ●  ● 
 
7.3.1 Task 1 
Unlike Chloe’s group, Glen and his group spoke infrequently and when they did, it was 
generally task related. Glen’s first recorded exchange was to query the researcher about 
an aspect his group had been working on. An excerpt of this is shown below. 
353 Glen: So are the deductions worked out before or after the tax is done? 
354 Researcher: Oh, are you up to that stage already, have you worked out the taxable 
income? 
355 Glen: Yes, it says here in the textbook that we need to take the deductions out first, 
but on the board it says you need to work them out afterwards. 
356 Researcher: Ok, let’s have a look, I think it is asking on the board to work out what 
the deductions will be, not when to do it. 
357 Glen: Oh, so it is before? 
358 Researcher: Yes. Let’s have a look at how you arrived at the taxable income too. 
359 Glen: [Unfolds paper] See we worked it out here. 
At this point, the researcher proceeded to challenge their logic and mathematical working 
in relation to the taxable income. It appeared that the students in this group had just come 
up with a weekly amount of earnings based on their intuition rather than any mathematical 
arguments. The researcher then challenged the group members by asking questions 
about whether or not their working would suffice for an assessment item on an exam. The 
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group expressed their belief that it would not be acceptable for an exam response. This 
tendency to jump directly to unsupported conclusions has been documented in other 
inquiry research projects (Fielding- Wells, Dole & Makar, 2014; Zembal-Saul, McNeill & 
Hershberger, 2013) and was also discussed in chapter 6.  
Once the students were challenged about the logic they used, they began discussing the 
proposed income in more detail. The students wrote on their books individually and they 
discussed what they would charge and how many groups per week they would be able to 
cater for. Once this working was complete, the teacher came to their group, discussed 
their outcomes and stamped each of the student’s workbooks to indicate they had done 
this aspect properly. 
Later in the unit, the students were working on the same problem outlined above. 
360 Glen: Now we need to deduct the actual cost of the course. 
361 Michael: What course? 
362 Glen: Well the personal trainer course, you need to be qualified to become a 
personal trainer. 
363 Michael: OK, but what about tax? 
364 Glen: [Opens textbook] Well, we work tax out afterwards. 
365 Michael: What about Medicare? 
366 Glen: That’s only if we are high income earners I think, I’m not sure we will be 
[laughs]. 
367 Researcher: Will, do you know what they are talking about? 
368 Will: Yes, but they are doing the work in their books first then I will copy. 
The exchange above could be described as coaching or peer tutoring between Glen and 
Michael. A peer tutoring arrangement is not specific to inquiry-based classes, however it 
did allow for student direction of the task and outcomes. Experience with peer tutoring may 
have exposed or challenged their beliefs about the way to teach and learn mathematics. 
The exchange above only seemed to be taking place between two of the students in the 
group. The third student did not appear to be concentrating on the task and copied down 
Glen’s notes once he had finished.  Copying down another student’s work may have been 
a sign of what Dweck (1986) called learned helplessness.  
Glen’s group eventually came to the conclusion that the personal training business was 
not viable. The following exchange occurred towards the end of this first inquiry unit. 
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369 Researcher: You seem to have made a conclusion based on evidence now, what 
did you decide?  
370 Glen: So, we were charging $60 per hour as the average price just for a single 
person and $15 per person if you are in a group. So we found our average gross 
daily earnings was about $220. So with all the deductions and tax taken off it came 
to about $71 per day, so that’s not viable, you could not survive on $71 per day. 
371 Researcher: How could you possibly make it viable? 
372 Glen: You could make it viable if you up the prices, if the consumers were coming in 
the same volume after that. Or, you could invest in further training for yourself to 
become a personal trainer so you could have a higher price. 
373 Researcher: So if you combine these aspects, what’s you final conclusion. 
374 Glen: Well in conclusion, unless you can somehow get more people attending the 
sessions, the business isn’t viable. 
Through encouragement and redirection the students were able to provide a solution that 
they appear to fully understand and be able to justify (line 372). Their workbook notes 
could be described as being of a high standard and all students had the same 
mathematical working. Success with a multi-step, lengthy problem may have contributed to 
an impact on Glen’s beliefs about the usefulness of the discover phase of the inquiry 
process. Coaching these students through this complex, ill-structured task may have 
contributed to an effect on their self-efficacy in relation to this type of problem and how to 
approach it in the future. Bandura’s (1986) research suggested that self-efficacy is built 
through success with challenging situations. 
7.3.2 Post-task 1 Interview 
Glen and another student took part in post-task interviews after each unit was completed. 
The first question the researcher asked was an attempt to gain an understanding of Glen’s 
overall appreciation of mathematics. An excerpt from this interview is provided below to 
assist with discussion. 
375 Researcher: What’s your favourite subject at school? 
376 Michael: Industrial Tech. 
377 Glen: Art. 
378 Researcher: OK, what’s your least favourite subject at school? 
379 Michael: Math. 
380 Glen: Yeah, probably maths. 
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381 Researcher: What about maths this year compared to last year, how are you going? 
382 Michael: They are about the same, this year I feel like we are going over and over 
the same stuff again. 
383 Glen: I think it’s pretty much the same, except for the block exam element, but we 
were still preparing for exams in year 10. 
384 Researcher: Can you tell me why you don’t like maths then? 
385 Michael: It’s boring, I feel like we learn a lot of stuff I’m never going to need to know. 
386 Glen: I’ve just never been a numbers kind of person; I like visual and creative things. 
Digital media is what I really like. 
In the discussion above, Glen indicated that he did not identify his strengths or interests 
with mathematics (line 386). This appeared to indicate a low appreciation for mathematics 
at this point in time. Michael indicated that the reason he felt that way about mathematics 
was due to a lack of relevance for his future (line 385). Using an inquiry style learning 
environment that is based on real-world, contextualised tasks has the capacity to 
challenge the belief that mathematics is not useful.  
In the following extract, the interview continues from line 386 above. 
387 Researcher: Do you feel like digital media has maths in it. 
388 Glen: To an extent, but not overly. 
389 Researcher: So you don’t feel like what you are learning in maths is going to help 
you in the future? 
390 Michael: Not what we have learned in senior, a few things but not all that much. I’m 
going to need to know subtraction and all that stuff. 
391 Glen: This taxation stuff is a bit more relevant, it’s one of the things I’ve been 
waiting to learn in maths. It’s like stuff that I know I will definitely be doing in a few 
years’ time. 
The last line (line 391) suggests that Glen regarded the content of the unit learned through 
inquiry methods as useful. The articulation of the usefulness of a topic of mathematics 
appears to be a progression from earlier statements that Glen responded to on the initial 
surveys. This suggests that a possible challenge to his belief systems about the nature of 
mathematics and the usefulness of mathematics in his future may have occurred. The 
following extract from the interview goes further in this examination of attitudes and beliefs 
about the usefulness of mathematics and how it is taught. 
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392 Researcher: If you are learning something new, would you prefer to do that on your 
own or in a group? 
393 Michael: In a group definitely, if you don’t know how to do something it just gets 
solved quicker. If you get stuck on something when your alone you can’t really do 
much. If you’re in a group and you’re stuck, usually someone can answer. 
394 Glen: One on one with the teacher is how I learn best. 
395 Researcher: What about this unit, did it feel the same way of learning? 
396 Glen: I think it was more real-world, it wasn’t like trying to find the angle of the sun 
from a mountain. It was like, is this thing that you do viable? It’s more of a question 
yes or no based on a whole bunch of things rather than a number based on a 
formula. 
Glen indicated that he found the inquiry unit different from their normal mathematics class 
experiences (line 396). Glen also stated (line 396) that he recognised the real-world aspect 
of the task and compared this to his mathematics classes at other times. This suggests 
that Glen’s beliefs about the relevance of mathematics outside of the classroom may have 
been challenged or broadened as a result of completing this ill-structured task and this 
may also indicate a progression in his thinking about the applicability of mathematics to his 
everyday life. McLeod (1992) argued that authentic mathematical learning provides clear 
links to student’s everyday life and this is supported by Glen’s experience with this inquiry 
task. 
7.3.3 Task 2 
During the second unit students were asked to think of themselves as a casino owner 
about to implement a new game at their casino. The game involves rolling two dice and 
adding the scores. The punter wins if the total on the dice is seven. The task was to 
determine the ‘fair’ odds for the game. Students previously had learned a unit of 
mathematics about sample space and compound events using traditional learning 
methods. As outlined in Table 6.1, Glen’s group quickly came to some conclusions about 
the odds. An excerpt of what occurred after this is outlined below to enable discussion. 
397 Researcher: So how is your work going? 
398 Michael: Well we think we have an answer. 
399 Researcher: Ok, let’s have a look. 
400 Michael: Yes we found that you have three in 29 chances of getting a seven, so 
that’s about one in seven. 
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401 Glen: So the punter is guaranteed a win one out of every seven games. 
402 Researcher: Alright, that does seem a little different to what the others are getting. 
403 Glen: We have listed every possibility, there are 21 possible outcomes. 
404 Researcher: Have you taken into account that there is one pink dice and one white 
dice? 
405 Glen: Oh. 
406 Teacher: Did you follow your plan boys? 
407 Glen: We did a grid, so yes. 
408 Michael: OK, let’s go back to phase two [devise]. 
409 Eric: I’ve just been rolling the dice here and I get a lot of seven’s, I get four and 
three, six and one. 
410 Glen: Ahhhh, splat. 
The researcher provided a challenge to this group with the statement, “That is different to 
what the other groups are getting” (line 402). This challenge was all that was required to 
send the group into disarray. Students in the group had not spent time in the discover 
phase and therefore displayed little understanding of the task or requirements. The 
redirection to fully understand the problem (line 408) may have encouraged students’ 
appreciation of the role of language in mathematics as well as providing them with an 
experience that did not focus on quickly arriving at the ‘one correct response.’ McLeod 
(1992) argued that if students were repeatedly exposed to tasks that required more than 
one correct answer that can be found quickly, they may reflect on their beliefs about the 
nature of mathematics more generally. 
The lesson finished before the students had time to resolve these issues described above. 
At the beginning of the next lesson, the teacher explicitly showed this group how to use a 
two way grid to list the sample space for this problem. She expressed her frustration that 
no groups had found the way to do this without support. Students then spent the next five 
or so minutes in relative silence working individually to list the sample space for the 
problem. Once this impasse was overcome, many of the groups moved to a resolution for 
their problem. It seems that students had already spent some time on justifying their final 
odds in previous lessons and although they had incorrect working to find the sample space, 
they continued with the same logic to determine the odds. For example, four of the six 
groups selected a number that was one fewer than the odds for a win.  
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After determining the chance of rolling a seven as one-in-six, Glen’s group was one of four 
groups to reduce the odds by one for payout (five-to-one for a win). When Glen’s group 
was asked to justify this, they explained that punters would also be able to determine the 
odds and if it was too far below the theoretical odds, then they would be turned off playing. 
They suggested that punters would feel it was ‘fair’ as they had an understanding that the 
casino must make a profit to continue. The method Glen’s group used to collaboratively 
construct an answer reflects Bandura’s (1986) notions of how learning takes place in a 
classroom. Over time, experiences such as this may have encouraged Glen to see the role 
that mathematics has in determining aspects of real-world problems. 
7.3.4 Post-task 2 Interview 
The post-task interview for this group focused on the way mathematics is taught. An 
excerpt from this interview is detailed below. 
411 Researcher: Did it feel different to the way you would normally learn maths? 
412 Glen: Yes it felt more independent, like the way to go about it. It’s not like, just do 
these questions from the book and the examples are here. It was more like 
investigating. 
413 Michael: Yeah, and with all the questions from the book it’s just thinking about one 
thing. With this stuff its multiple things all put into one [question]. 
414 Glen: Yes it was good, it was fun. 
Both Glen and Michael indicated they saw a contrast between learning in an inquiry 
environment with how they normally learned mathematics (lines 412 & 413). Both students 
made comments related to the complex nature of the ill-structured task and this appears to 
be their reason for the point of difference to normal learning in mathematics. Exposing 
students to a different style of teaching and learning mathematics may have challenged 
their beliefs about the way mathematics can be learned. Glen’s indication that the learning 
was ‘fun’ (line 414) further supports this notion as it appears to have been a positive 
emotional experience for him. As Ambrose (2004) points out, positive emotional 
experiences have the potential to affect students’ beliefs and attitudes towards 
mathematics. 
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7.3.5 Task 3 
As detailed in the first case study, Task 3 required students to answer a series of ill-
structured tasks related to appreciation and depreciation. The following conversation picks 
up on dialogue within Glen’s group towards the end of the first 70 minute lesson. 
415 Glen: If inflation remains steady, you would only be increasing value by two percent 
yearly. And we can’t be sure inflation will remain the same from year to year. I think 
it would take a really long time to make your money back. 
416 Michael: But the figurine is increasing by five percent per year, and this one is only 
three percent over ten years. So, one is going up by about 50 percent and the other 
is only going up by three percent. 
These comments suggest that Michael (line 416) either did not read or understand the per 
annum concept associated with the inflation rate. The conversation continues below. 
417 Glen: Yeah. 
418 Michael: Well it will be worth more money, so if you sell it [the figurine] you will get 
more money. 
419 Glen: What is a worthwhile investment? 
420 Michael: Well if you get more money then I guess it was worthwhile. 
421 Glen: I see five percent as not that much. 
422 Michael: Well if you have more at the end, then you have succeeded in your 
investment, depending on how much you get back. If you get less than the money, 
then you have failed. 
423 Glen: Yes but $350 worth of collectables now should be worth more than that in ten 
years. 
424 Michael: Well it’s not like putting it in a box [laughs]. 
425 Glen: OK [writes it down], so how did you work it out? 
Information from video recordings of the student’s workbooks shows that the students only 
considered the appreciation and inflation for one year. Despite this incorrectly conceived 
mathematical understanding, the last two statements from Michael (lines 422 & 424) 
appeared to convince Glen of the worthwhile nature of the investment. The ability to 
decide democratically on an answer provides an example of aspects described by McLeod 
(1992) relating to beliefs about the value of mathematics in society. If Glen was convinced 
that buying a figurine was a worthwhile investment, then he may have later reflected that 
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answers in mathematics are relative to other people’s opinions and viewpoints. 
Experiences such as this may have challenged Glen’s beliefs about mathematics 
questions having one correct answer, or answers that are not open for interpretation. Later 
in this lesson the following exchange occurred. 
426 Researcher: So where are you up to now? 
427 Glen: We are up to the Yamaha and these two S10s [laughs]. 
428 Researcher: Is that what they are? I just grabbed a photo from the Internet. 
429 Michael: Yes he hasn’t spoken about anything else for the last five minutes. 
430 Glen: They are very nice. 
431 Researcher: Do you think $90000 is enough to set up a sound studio? 
432 Glen: Not an analogue one like this, but a digital one, yes. 
433 Researcher: Is this a business you want to get into too? 
434 Glen: Yeah. 
The context of the ill-structured task appeared to connect well with the group of students 
and Glen in particular. Glen’s beliefs about the application of mathematics in the real-world 
may have been challenged through his connection with the context provided. Making 
connections with an area of interest for Glen may also have contributed to a broadening of 
Glen’s beliefs in relation to the role of mathematics in the real-world (Armstrong & Price, 
1982; Boaler, 1993). Towards the end of the unit the students were approached by the 
researcher and the exchange below occurred. 
435 Researcher: So, was it a fair price? 
436 Glen: No, it’s not, because it is worth $90000 and it depreciates at $5000 per year, 
so, $5000 times three, is fifteen k [thousand]. You take that off $90000 and its 
$75000 and they are offering you $70000. So they are undercutting you by $5000. 
So, not fair. 
437 Researcher: Well done. So, if you were buying the system instead, would you pay 
$75000? 
438 Glen: No, I’d probably try and get it cheaper. Like you mean me or just anyone? 
439 Researcher: Yes, you. 
440 Glen: Yes I might try and get it down a bit, maybe [nods].  
At this point his facial expression could be described as a ‘look of realisation.’ After rubbing 
his chin the conversation continued as outlined below. 
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441 Glen: Hmm, so what is fair then? They are undercutting you I guess, but they are 
buying it second hand. 
442 Glen: Well, they have gone below the amount that you predict it depreciates. 
443 Researcher: So what about the $5000, does it change each year? 
444 Glen: No. 
445 Eric: The price could change. 
446 Researcher: What exactly are you going to do with this money? 
447 Glen: Buy new equipment. 
448 Researcher: What I like this time is that you have based all of your arguments on 
maths, well done. I have thrown some ideas at you that you have needed to defend 
and you have used maths to do it. Would you only accept $75000? 
449 Glen: No. I would accept $73000. 
450 Researcher: Great work. 
Glen appears to have developed a deeper understanding of aspects of the problem 
through the defend phase. Glen maintained his original position of not accepting the offer 
(line 449) but his arguments did contain a mathematical basis. The ability to retain his 
position may have contributed to an improved self-efficacy towards mathematics as Glen 
appears to be confident with his answers in this task. McLeod (1992) argued that students 
who solve complex mathematical problems may learn to attribute their success to their 
level of effort in solving the problem. If this experience was repeated for Glen, he may 
have developed a more positive understanding of how effort correlates with success in 
mathematics. 
7.3.6 Post-task 3 Interview 
After the third inquiry unit, Glen and another member of his working group were asked 
questions in a post-task interview. Excerpts have been transcribed below for consideration. 
The first line of questioning asked students to consider further mathematics courses. 
451 Researcher: How is maths going this year? 
452 Glen: Same as always, just high stakes now [in year 12]. 
453 Researcher: Do you think you will study maths next year? 
454 Glen: No, not at all. I am going to uni or joining the army.  
455 Researcher: Does it mean anything in real life, what you learn? 
456 Glen: Not very much. 
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Glen has maintained his view that he did not want to study mathematics after this course 
(line 454). Glen’s last line (456) above suggests he may not have seen further study of 
mathematics as a worthwhile option. It appears that there may have been little progression 
in his beliefs in relation to the usefulness of mathematics in society or in his life (line 456) 
throughout the course of the study. The interview continues below. 
457 Researcher: If you are learning a new topic in maths, how do you go about it? 
458 Glen: I probably get the most concrete understanding of it when going over things at 
home. 
459 Researcher: So do you feel you learn best when you are alone then? 
460 Michael: No, I prefer it when there is someone to explain it to me. 
461 Glen: Yeah, if I just did it at home I wouldn’t be able to work it out by myself, but 
because it’s the in class explanation, then looking over it again it’s like, “Oh yeah, 
OK.” 
Glen appears to have maintained his view that one-on-one learning with an expert was the 
most effective method for him to learn mathematics as he agrees with Michael’s statement 
from line 460. This supports Glen’s statements in the post-task interview for Task 1. At this 
point the researcher attempted to further explore the role of mathematics in these students’ 
lives outside of school, as shown below. 
462 Researcher: Do you think you will ever use the maths you have learned in the future? 
463 Glen: Yes. Taxes, currency, building things, money and appreciation. 
464 Researcher: what about the way we learned this unit, did it feel different to the way 
you normally learn? 
465 Glen: Yes. 
466 Michael: I would say it was different. 
467 Researcher: How? 
468 Michael: Instead of getting a bunch of questions out of the book, it’s more like what 
do you think about this? Whether you think it’s a good idea. 
469 Glen: It felt a bit more immediately practical because of how the questions were. 
It is interesting to note that in both Case Study 1 and 2 the students indicated that the units 
of work learned during the inquiry tasks were the areas of knowledge they felt they could 
use in the future (line 463 & line 336). Glen’s comment about aspects of mathematics 
being useful appears to contradict his earlier statements in the same interview when he 
stated, “Not very much” (line 456). Glen’s final comment (line 469) about the practical 
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nature of the ill-structured task also suggests that he found this learning style more 
applicable to the real-world. Therefore exposure to these real-world task types may have 
contributed to a shift in Glen’s beliefs about the nature of mathematics and the role 
mathematics plays in society. Makar (2012) linked contextualisation of the task with 
students making sense of mathematics by using real-world situations to understand 
mathematics. 
7.3.7 Summary of Case Study 2 
Glen began the inquiry units with confidence in his ability to succeed in mathematics. 
Throughout the study he maintained this self-belief. Glen approached each task in a 
logical manner and was often the leader of the group of boys he was working with. Glen 
appears to have contradicted his beliefs and attitudes about the usefulness of 
mathematics for his future and this may indicate a broadening or shift in his beliefs. Glen 
expressed finding a number of units he had studied as being worthwhile and the units he 
described as the most useful always included the units he had studied via inquiry.  
7.4 Case Study 3 - Erin 
The third case study focuses on a female student with the pseudonym of Erin. Erin 
consistently performed very well in mathematics and graduated with a high A, achieving 
the second highest score in the school for this subject. Three other students in this class 
graduated with an A. Her responses on the initial surveys were typical for a group of high 
performing students in this class and this influenced choosing her for case study. 
On the initial surveys and tasks Erin indicated that she strongly agreed with the statements, 
“I expect to use mathematics in my future career.” While ten other students in this class 
agreed with this statement, Erin was the only student in the class to strongly agree. The 
other twelve students were either undecided or disagreed. Supporting this response, Erin 
disagreed with statements such as, “Very little of mathematics has practical use on the job.” 
In contrast to Glen and Chloe from the previous case studies, Erin strongly disagreed with 
the statement, “Studying maths is a waste of time.” There were five students in this class 
that strongly disagreed with this statement. This appears to indicate that Erin believed she 
would need mathematics in the future and that it was important for her individually to learn 
it. 
Erin’s responses on the open-ended questions suggested she had a well-developed 
understanding of the nature of mathematics. For example, her response to the question 
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about, “What is mathematics?” was answered by her writing, “Mathematics is using basic 
skills to resolve everyday life problems and building these skills to enhance opportunities 
and understand why and how problems are solved.” The component of her answer relating 
to the practical application of mathematics could be regarded as a central concept of 
inquiry learning methodologies (Goos, 2004; Makar, 2012; Schwab, 1959). Her 
sophisticated understanding of the nature of mathematics is further evidenced by her 
written response to the question about the role critical thinking plays in mathematics. She 
responded by writing, “Depending on the problems, critical thinking has to be used as it is 
about arguing and explaining your views.” This inquiry project was aimed to expose 
students to forms of defence and argumentation that they might not have experienced in 
traditional mathematics settings. Yet this response appears to indicate that Erin may have 
already grasped the role critical thinking could play in mathematics. 
In regards to the way mathematics should be learned and taught, Erin’s responses appear 
to be mixed. She was undecided about statements such as, “There are word problems that 
just can’t be solved by following a predetermined sequence of steps,” and “Mathematics is 
mostly learning about numbers.” Erin disagreed with the statement, “Learning mathematics 
involves mostly memorizing,” and agreed with the statement, “Trial and error can often be 
used to solve a mathematics problem.” To the statement, “A person who doesn’t 
understand why an answer to a math problem is correct hasn’t really solved the problem,” 
Erin responded by indicating she was undecided. This makes it difficult to draw 
conclusions about what she felt the best way to learn mathematics before the study was 
implemented. 
Erin’s final responses to survey statements on the IMBS and MAS such as, “Knowing 
mathematics will help me earn a living,” and, “I expect to use the mathematics that I learn 
in this course in my future career,” did not show any change. Erin had strongly agreed with 
these statements initially and she strongly agreed with these statements on the final 
surveys.  
A number of positive changes were seen in her responses to survey statements 
associated with the usefulness of mathematics. These included her position moving from 
agree on the initial survey to strongly agree on the final survey in statements such as, “I 
study mathematics because I know how useful it is,” and, “Mathematics is a worthwhile 
and necessary subject.” Supporting this apparent shift was her movement in position from 
disagree to strongly disagree on reverse polarity statements such as, “It is not important to 
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know mathematics in order to get a good job.” For the statements on the IMBS and MAS 
that related to the usefulness of mathematics, Erin’s responses had become more positive 
for 5 out of 14 statements and stayed the same for 9 out of 14 statements. No responses 
had been less positive on the final surveys for this construct. 
Erin’s response to the open-ended question, “What reason would you give to someone to 
study mathematics?”, on the final survey was, “Essential for everyday life buying a house, 
management of money, taxes, interest.” It should be noted that the areas of mathematics 
she identified as examples are those that were studied as part of the inquiry units. 
Although Erin’s initial responses suggest a high level of appreciation for the role of 
mathematics in her future, there appeared to have been a strengthening of these views 
across the course of this study. 
Erin’s initial responses indicated a well-developed self-efficacy and this appears to be 
similar on her final responses with no movement in responses to statements such as, “I 
am good at solving mathematical problems,” and, “Math problems that take a long time 
don’t bother me.” Erin’s responses to questions related to effort on the IMBS appeared to 
show a downward shift with Erin’s responses to questions such as, “I can get smarter in 
math by trying hard,” and, “Ability in math increases when one studies hard,” moving from 
strongly agree on the initial survey to agree on the final survey. Her response to the 
statement, “By trying hard, one can become smarter in math,” moved from agree on the 
initial IMBS survey to disagree on the final survey. This may indicate that although Erin 
feels confident with her ability in mathematics, she may also attribute this to an innate 
ability.   
Erin’s position in regards to the nature of mathematics and how it should be taught and 
learned appeared to show a positive shift. Initially Erin had been undecided about 
statements such as, “There are word problems that just can’t be solved by following a 
predetermined sequence of steps,” and, “A person who doesn’t understand why an answer 
to a math problem is correct hasn’t really solved the problem,” but on the final surveys she 
agreed with both of these statements. Her responses to reverse polarity question such as, 
“Mathematics is mostly learning about numbers,” had moved from undecided to disagree. 
This is consistent with episodes throughout her experience that indicated a shift towards 
appreciation of the importance of deep understanding of mathematics. The statements 
outlined above related to the IMBS statements associated with understanding and word 
problems. Erin’s final survey responses had become more positive for 5 out of 12 
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statements, were the same for 5 out of 12 statements and were less positive for 2 out of 
12 statements. 
Excerpts involving Erin are now presented below in chronological order. The excerpts 
were selected in an attempt to cover situations involving a range of belief categories over 
time. In this way, this study seeks to highlight instances of possible change for Erin across 
the study. Table 7.5 below outlines shows the mapping of the excerpts in each unit with 
McLeod’s (1992) belief categories. 
Table 7.5 
Summary of excerpts presented for Erin, mapped against belief categories 
Belief Category (McLeod, 1992) Unit 1 Unit 2 Unit 3 
Nature Of Mathematics ● ●● ●● 
Self-Efficacy ●●  ●● 
How Mathematics is Taught ● ● ●● 
The Social Context ●● ● ● 
 
7.4.1 Task 1 
Erin worked in a group in her mathematics class with two or three other girls throughout 
the eighteen months of this study. Erin was working with three other girls in the first unit. 
Erin sat in the middle and the body language appeared to show that the other girls looked 
to her for leadership throughout the task. For example, all the students faced in towards 
Erin when working and discussing aspects of the task. The following conversation picks up 
this group early in the first lesson (pseudonyms have been used throughout this study). 
470 Erin: Ok, so we are saying there will be an average of three people per session. 
471 Claudia: Yes and it’s about $55 per session. That’s not very much money is it? 
472 Erin: So, $165 times …. People are not going to want to go to too many sessions on 
the weekend. 
473 Claudia: So, $825 dollars for the week. 
474 Erin: Based on two $55 ones per day, what would we get? 
475 Claudia: Per day? 
476 Erin: Yep.  
477 Erin: So about $165. 
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478 Teacher: Ok girls, so what have you found so far? 
479 Erin: So, based on one group session per day, because during the travel hours of 
8am to 6pm, people are going to be at work. Although, people who work night shift 
are going to be available. So one boot camp each day, weekends aren’t included. 
With an average of three people turning up, then you also have two, one hour 
personal sessions per day, you will have $165 daily and $825 weekly. 
The excerpt above suggests that students had made quick progressive steps with little 
time for debate. Erin appeared to be determined to find the solution as quickly as possible 
and made assumptions (e.g.,, ‘no sessions on weekends’, line 472) without allowing other 
students time for input. This tendency to jump straight to an answer was observed on a 
number of occasions throughout this research and has been reported in other inquiry-
based research projects (Makar, 2012; Witt & Ulmer, 2010). The group’s results and 
approach were challenged by the researcher and later by the teacher. Challenging the 
behaviour of trying to jump straight to an answer may have encouraged Erin to reflect on 
beliefs such as the length of time it should take to solve a problem in mathematics 
(McLeod, 1992). 
Following the initial discover phase, the teacher instructed the class to look at other factors 
that might affect this take home pay to assist with deductions about the viability of the 
venture. Erin and her group looked to the textbook for ideas and the following conversation 
ensued. 
480 Erin: Ok so we need to look for deductions. 
481 Claudia: So what are our deductions? 
482 Erin: So we are taking off petrol, first aid, here let me do it. 
At this point Erin took the planning sheet from Claudia and wrote down a list of deductions 
that she thought were pertinent. The conversation from other groups in the room at this 
point had made it difficult for Erin’s voice to be heard within her group. At this point the 
group behind Erin asked her to check their working. Erin read their sheet for a while and 
then challenged them about the number of clients (150) that they had estimated. She then 
returned to her group to complete the next component of the task.  
These observations above suggested that Erin had a high level of self-efficacy for 
mathematics and appeared to accept the role as an expert in the problem solving process. 
Involvement in this inquiry task allowed Erin to make contributions to students within her 
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group and the group behind her. Allowing Erin to play a role in the learning of other 
students may reinforce her self-efficacy in relation to mathematics (Bandura, 1986). 
However, it should be noted that the group behind her did not agree with her final 
assessment of their results (see section 6.5) and this may have caused a level of conflict 
for Erin. 
During the lessons that followed the groups were asked to determine the deductions, 
taxation and Medicare levy on their projected earnings to assist with understanding the 
question of viability for their business. Towards the end of the unit the groups were asked 
to present their findings to the class. The following presentation occurred for Erin’s group. 
483 Claudia: We have said our business is not viable. 
484 Erin: We made only $825 per week. This was determined from two people and one 
group with three people, on average, per day. We only made $165 daily. Weekends 
are not included. 
485 Claudia: So our gross pay was $825. Our deductions were petrol, first aid and 
uniform. All up we were making only $33000 dollars per year. 
486 Erin: We didn’t even work out the tax, we don’t think it will be viable with only 
$33000 per year. 
487 Class Member: What if you had more clients? 
488 Erin: Well, we estimate that to get more clients we would need to drop the price and 
then even though you have more clients, you are not earning as much for each one, 
so you won’t make that much more anyway. We just don’t see it as viable. 
489 Researcher: So what amount would you think is required to make it viable? 
490 Erin: About $60000 or so. 
491 Researcher: Why is that? 
492 Erin: That’s the average wage in Australia. 
493 Researcher: OK, so why does that mean that below average wage is not viable? 
494 Claudia: Well, its things like living expenses, rent, food, clothes and [trails off] Yeah. 
495 Researcher: So has anyone thought about what the base amount would be to live 
properly? I have heard it described as a line before, a poverty line. 
From this point the class was involved in a conversation about living expenses and renting 
a house in the area around the school. The class dialogue included topics such as 
minimum wage and part time or full time work arrangements. These topics were not 
included in the textbook and were not a part of the regular course for this subject. 
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Experiences such as this may have contributed to a broadening of Erin’s understanding of 
the role mathematics plays in our society and how we can use mathematics to make 
decisions.  
While it is interesting that Erin’s group did not complete the taxation component of the task, 
they did provide sound reasoning and defence for their decision that the business was not 
viable (line 494). Initially only one other group in the class articulated clear mathematical 
arguments in regard to viability of the business. The rest of the groups simply calculated 
the weekly, in pocket amount and then made an unsupported judgement about whether or 
not that was enough money to live on. 
7.4.2 Post-task 1 Interview 
As detailed in Case Study 1, students were selected to undertake post-task interviews. 
Erin and one of her group members volunteered to participate in these interviews. The 
following excerpts come from the first interview with Erin and are used to elaborate on 
aspects of students’ beliefs and attitudes towards mathematics.  
496 Researcher: How are you finding maths this year? 
497 Erin: I see mathematics as an easier subject this year. 
498 Researcher: What about compared to last year? 
499 Erin: It’s so much better, last year I still don’t know what we learnt. 
500 Michelle: I was put in Prep Maths B and it was horrible. I wasn’t going to do Maths B 
this year, I didn’t pass any exams last year but my assignments made me pass. 
That was with help from my tutor. 
501 Researcher: Do you still have the tutor this year? 
502 Michelle: No, I understand everything in Maths A so I got rid of them. 
The excerpt above suggests that both of these students maintained a high level of self-
efficacy towards this subject, Maths A (line 499 & 502). Use of the ill-structured task may 
have reinforced self-belief for these students as their final answer was deemed to be 
acceptable by the class when they presented it on the whiteboard. The interview then 
moved to the topic of how useful mathematics will be to them in the future. The excerpt 
below shows Erin’s response. 
503 Researcher: So do you see this maths you have been studying as important for 
your life? 
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504 Erin: Yes, I want to do real estate so, you need to know maths, or else I could sell 
some houses for dodgy prices [laughs]. 
Erin articulated a need for mathematics in her future. It does appear that Erin valued the 
role that mathematics plays in our society and in the workplace (line 504). The excerpt 
from the interview is continued below. 
505 Researcher: Would you rather learn maths in a group, or on your own? 
506 Michelle: On my own. When I’m in a group, one person might be like stuck on a 
point and I’m like, look I have moved on.  
507 Erin: Yes if you’re in a group and someone doesn’t understand it, you go nowhere. 
Then you move on and you have to explain that, then you move on and you have to 
explain that. You just don’t get ahead and it’s really frustrating. 
508 Researcher: Is this unit the same as how you normally learn? 
509 Erin: I feel like we haven’t done any work, we haven’t done anything. Like I look 
back over it and I feel so far behind the other classes. Maybe it’s because I have a 
part time job and I understand it, but it’s easy. 
This last part of the conversation (line 509) suggests that Erin felt frustrated with the 
learning style of this inquiry unit. Looking back over the video and field notes, Erin was 
constantly assisting members of her group or other groups throughout this task and this 
reinforces her statement about not moving forward because, “You have to explain it” (line 
507). While peer tutoring experiences have been argued to contribute positively to all 
students involved (Bandura, 1977), it is possible that this inquiry learning unit reinforced 
her notions of how mathematics should be taught. 
7.4.3 Task 2 
Collaborative group work was common during the discover phase of each of the inquiry 
units. In the second inquiry unit, students were shown an example of a casino game, 
namely roulette. The game was discussed and the concept of gambling was mentioned. 
Students were given dice and asked to investigate the odds of the ‘game of 7s’ to assist 
with them making their decision. Many of the groups approached the task differently and 
Erin’s group launched straight into trying to find an answer. An excerpt from conversation 
between her group members has been included below for discussion. 
510 Erin: The odds are 37 to 1 for that game [roulette] and the payout is 35 to 1, so if for 
example it was a 1 in 10 chance then we would pay 8 to 1 ratio, payout and so on. 
165 
 
511 Claudia: So, it’s basically two below? 
512 Erin: Yes, so if it’s a one in five like we’ve got, then basically it will be a three to one 
payout.  That doesn’t seem like a lot.  
513 Claudia: But it depends on how much you play, so if you played 10 games you 
would get a payout of eight to one? 
514 Erin: Umm. 
515 Claudia: So the more you play the more your odds increase. 
516 Erin: Technically speaking, but so do the casino’s [odds]. Yeah, they are always 
going to come out on top. 
At this point the group appeared to realise they had hit an impasse. There were a number 
of verbal expressions, such as overemphasised sighs and they started laughing. After 
about one minute of them looking at their information on their workbooks, the conversation 
began again. 
517 Claudia: Well, should we write that down? 
518 Erin: Yeah, but I don’t know whether that’s [trails off]. 
519 Claudia: Yeah I don’t get that. 
520 Erin: Well, what if we do it for 1 in 10 and then a separate one for 1 in 5? 
521 Pia: Why are you saying one in five? 
522 Erin: Well when we rolled it…. Why am I saying one in five? 
523 Claudia: Well I have to write it down. So what are we going to say? 
This transcript highlights a number of components that relate to their ability to work on 
complex, multi-layered mathematical tasks. Firstly the suggestion of Claudia to write their 
results down (line 517 & 523) was an effective strategy to move through an impasse. This 
can be likened to developing a draft response and would have made it easier for the group 
to highlight logic errors once it was fully written (Jones, 2003).  Secondly, Pia only made 
one comment throughout this exchange and it was a challenge of Erin’s thinking about the 
ratio of one-in-five (line 521). These exchanges highlight the role of the discover phase for 
allowing students to make mistakes and challenge their own assumptions. While it 
appears that none of the group members (there were four girls in total) fully understood the 
concepts involved, they were able to recognise when they had made mistakes or when 
their thinking was incorrect. Pia’s contribution was critical to the group moving onto the 
next phase of the question.  
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Exchanges such as the one above highlight the way inquiry learning may affect students’ 
understanding of the social context of mathematics and learning mathematics. Erin’s role 
as an expert in this conversation was challenged and she admitted to not knowing the 
answers (line 522). Working in this way may have progressed students’ understanding of 
how group work can be used to solve problems and work through impasses in 
mathematics. Experience with working collaboratively may have contributed to shifts in 
students’ beliefs about the role of effort in solving complex mathematical tasks. At this 
point the researcher challenged their logic for deciding on the odds for the game. Students 
quickly realised that they needed to more carefully determine the sample space and the 
theoretical odds to be able to answer the question. Once students completed this they 
began filling in the booklet and settled upon the odds of 1:5 as a payout ratio. The 
following excerpt details some of this conversation. 
524 Erin: We had five dollars per seven, because it was six out of thirty-six, so we went 
one less than that for the payout.  
525 Researcher: Let’s say they bet $1, do they get their $1 back? 
526 Erin: I don’t know, Miss said they [player] don’t. If they [player] do it changes 
everything because they won’t make a profit. 
527 Researcher: What was the most important part of this task? 
528 Erin: Finding the sample space. 
The researcher’s final challenge appeared to have been understood by Erin (line 526). 
This suggests that she had developed a clear understanding of the complexities of the 
task. Erin also stated that finding the sample space was the most important part (line 528), 
which was a fundamental part of the discover and devise phases of the guided inquiry 
process.  
7.3.4 Post-task 2 Interview 
Erin was interviewed after the second task was finalised. Excerpts from this interview are 
outlined below to use as examples of how exposure to this ill-structured question may 
have impacted her beliefs or attitudes towards mathematics. 
529 Researcher: Did you find this task difficult? 
530 Claudia: I found it difficult because it was quite a long process and it was quite 
tedious at times. You kind of had the answer but then you really had to explain why 
you had it. It was a bit annoying. 
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531 Researcher: Why was it tedious? 
532 Erin: Well you had to write down the answers when you weren’t really going to be 
able to find them out. 
533 Researcher: Why can’t you find it? 
534 Erin: Like, the income of the casino, we weren’t given that. So, how can you find 
that out? 
The statements from Erin appear to indicate working with the ill-structured task had 
challenged her view of the nature of mathematics (line 532). The ill-structured nature of 
this task meant that students were given little information to base their decisions on. Erin 
appears to have been frustrated by this (line 534). Goodykoontz (2008) described 
frustration as one of the internal factors that can affect students’ beliefs and attitudes 
towards mathematics. The researcher then focused on the way the group approached the 
guided inquiry process. Excerpts below outline some of the conversation from this group. 
535 Researcher: You came up with a way to determine the odds within the first few 
minutes didn’t you? 
536 Claudia: Yes, Erin did. We used the model of roulette which was two less than the 
number of games for a guaranteed win. So we liked that model. 
537 Researcher: Did it feel like the skills you were exploring in this unit were teaching 
you the skills you needed for this topic? 
538 Erin: No, not really, it felt separate. 
539 Claudia: It was just, um, not working out of the textbook and it was like one question, 
it wasn’t more than one question that you could practice it and put it into practice. 
540 Erin: Yeah. 
541 Claudia: When I’m revising I have to go back over and do things three or four times 
to understand it and know that I’ve got it. 
542 Erin: Yes it’s a bit pointless. It’s one question and you’re not given all the 
information for that one question. You can’t go over and practice it. It felt like you 
weren’t doing any work. 
543 Researcher: Did it make you think at all? 
544 Erin: It was more confusing than thinking. 
545 Claudia: We came up with the answer fairly quickly but then we had to go back and 
do all the working to show how we got it. 
546 Researcher: Is this different to the way you normally do classes? 
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547 Erin: Yes, normally in classwork you go over what you need to know I guess. 
Whereas you didn’t really do that in this, you kind of had to do everything. 
548 Researcher: Was there anything you think this task may have helped you to do 
better in maths? 
549 Claudia: Well the modelling and problem solving questions I guess. 
550 Erin: Yes it’s like justify this, and you’re like I just justified it and then like, well justify 
it more. Then two paragraphs later [laughs]. [Referring to exams]. Looking back 
through my workbook from this term, I’ve done three pages of work and it’s week 
six. 
Erin expressed that she did not feel that the task allowed for enough drill and practice of 
the concepts (line 542). Erin agreed with the link between this task type and her modelling 
and problem solving questions on exams and assignments (line 550). Erin challenged the 
way the guided inquiry process was implemented and expressed her preference for the 
traditional, textbook led approach to learning mathematics. Despite these objections, it can 
be argued that experience with these tasks may have exposed and challenged Erin’s 
beliefs about how mathematics should be taught.   
7.4.5 Task 3 
For the third inquiry unit, students were given a task that consisted of a number of smaller 
inquiry tasks instead of one overarching task. The group was approached by the 
researcher to check for the development of understanding, the following excerpt details a 
portion of this interaction. 
551 Researcher: So have you worked out the difference between appreciation and 
inflation, some groups are having trouble. 
552 Erin: Yes, appreciation is how much it increases over a certain amount of time and 
inflation is how much it increases each year. 
553 Researcher: OK, so for this first part, did you think it was a worthwhile investment? 
554 Erin: Well a $100 is better than nothing right?  
555 Michelle: Well it’s not going down, it’s not depreciating right? 
556 Researcher: Yes, the way I think about inflation is that in ten years the $350 won’t 
buy as much. So the cost of food and fuel and things rises so that it costs more just 
to live. Now if someone takes $350 and puts it in a sock under their bed, they think 
they are saving but it won’t be worth the same. 
557 Claudia: Put it in a bank then? 
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558 Researcher: Exactly, at least then you get interest. But some people don’t trust the 
banks. 
559 Claudia: What like old people? 
560 Researcher: Yes I suppose so. But the point is that even though it’s the same dollar 
amount, it’s not worth as much if you put it under your bed for ten years. A good 
example of this is that we used to have one and two cent coins, we don’t have them 
anymore. 
561 Claudia: That’s because they’re annoying. 
562 Researcher: They’re annoying because everything has gone up in price and they 
don’t buy much anymore. When things cost more, people want more money for 
their job, and then everything goes up. 
563 Michelle: That’s why you pay them in cash? 
564 Researcher: Well that’s to do with tax and that is a bit different. 
565 Researcher: Ok, so we have established that you make a $100 or so. Is there any 
reason why you wouldn’t buy the figurine? 
566 Erin: Well is it guaranteed to keep going up? 
The conversation with Erin and her group led to the final comment from Erin that can be 
described as a challenge question directed at her own thinking (line 566). The task 
appears to have allowed these students to think and verbalise their opinions, for example, 
“Well $100 is better than nothing,” and, “That’s why you pay them in cash.” These 
examples focus on aspects of everyday life and may have contributed to a reinforcement 
of the applications of mathematics in society and their own lives. This indicates a possible 
progression with the way Erin engaged with these ill-structured, open-ended inquiry tasks. 
About five minutes later the researcher returned to check progress and the following 
conversation occurred. 
567 Michelle: So for our justification, we are going to give both sides and then our final 
recommendations. 
568 Erin: Yes it’s a bit of a risk that you don’t know whether things will change or 
whatever. But it’s still appreciating during those ten years so you buy the figurine. 
569 Researcher: But. 
570 Erin: No there is no buts!  
571 Researcher: Who is going to buy it? 
572 Claudia: Well there is a risk that no one is going to buy it, but it’s still worth that 
much money. 
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573 Erin: Yes take it to Cash Converters. 
574 Michelle: Right, there is always an answer. 
575 Researcher: Would they give you the full value though? 
576 Claudia: Probably not, it would be a bit less, but. 
577 Michelle: Yes there is risk. 
Portions of this conversation above suggest that the students had high levels of 
confidence with their responses. For example, Erin stated, “There are no buts” (line 570), 
and Michelle stated, “There is always an answer” (line 564). These responses indicate that 
these students felt confident with their understanding of the task and their justification for 
their final solution. There was 60 minutes of class time used by the group before this 
excerpt above occurred. The length of time it took for the students to be able to progress 
through this task may have challenged these students’ understanding of how long it should 
take to solve a mathematical problem. Experience with tasks that take a long time to fully 
comprehend may also have reinforced aspects related to the importance of deep 
understanding of mathematical tasks versus the correct solution and this links with 
research from Muis et al. (2011) and Skemp (1976). 
Later in this unit the girls in this group were working on a different component of the third 
ill-structured task. The teacher specifically wanted to explore both appreciation and 
depreciation in this unit. These two concepts were deemed to be incompatible in a single 
task and hence it was separated into two components. The second component of the ill-
structured task was related to the purchase and selling of sound studio equipment. The 
conversation below picks up with this group after about ten minutes of working on this 
second component of the task. 
578 Researcher: So have you understood the salvage price concept? 
579 Michelle: Yes we are going to use the salvage price to answer this question. 
580 Claudia: But won’t we need depreciation as well, to compare? 
581 Michelle: No it’s just the salvage price in the end. 
582 Claudia: But won’t it depreciate anyway? 
583 Erin: So is it straight line? 
584 Michelle: I don’t know, what’s the difference? 
This group was revisited about ten minutes later to check progress. The excerpt below 
was from this point in time. 
171 
 
585 Researcher: So was $70000 a reasonable price? 
586 Claudia: No, because the straight line depreciation amount after three years was 
$75000 and they are only offering $70000 so it’s $5000 less. 
587 Researcher: So tell me this then; if you were the person buying the equipment, 
would you pay $75000? 
588 Claudia: No, you would always offer less than the amount it was worth. 
589 Erin: But this is just like a matter of opinion isn’t it? 
590 Researcher: Well, what about saying that something depreciates by $5000 per year, 
is that actual or is that an opinion? 
591 Michelle: But the salvage price is definitely below the amount its worth. 
592 Researcher: Well I don’t think there is a right and wrong answer here. 
593 Michelle: No there is and we got it right [laughs]. 
594 Researcher: Why do you think it is right though, how can we say $5000 per year? 
595 Claudia: Well that’s what the question says. 
596 Michelle: We are basing it on the question because there is a set value. 
597 Researcher: But this is supposed to be thinking about this as a real life situation. 
598 Michelle: This is not real life. 
599 Researcher: So what is a fair price? 
600 Erin: The fair price is ambiguous isn’t it because what one person would accept 
another would not. 
601 Michelle: Yes Clive Palmer wouldn’t really care. 
602 Erin: So some people would accept $60000. 
603 Researcher: Well I would think that no one would accept that. 
604 Erin: What if someone has poor decision making and budgeting skills. 
605 Michelle: Maybe it’s not the end of the world if he doesn’t sell it because it says the 
business is doing well. 
In the excerpt above there is evidence that Michelle was using real-world examples to 
justify her and Erin’s position (lines 601 & 605). Erin challenged the researcher on a 
number of occasions, for example when she says, “But this is just a matter of opinion,” 
(line 589) and, “The fair price is ambiguous” (line 600). These challenges suggest that Erin 
understood the open-ended nature aspects of the task and possibly accepted the nature of 
the task. Erin’s acceptance of the open-ended nature of the task would suggest further 
progression in her attitudes towards this style of question. The students then set about 
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justifying their work to a higher degree and the following exchange occurred. Part one they 
refer to in the excerpt below relates to their working described in the excerpt above. 
606 Claudia: We have three answers. The question says to compare our answers. What 
was our estimate in part one? 
607 Erin: Part one? Just wait [pause]. How many years was it? Seven? 
608 Claudia: Yes but the question is asking us to compare but we are not answering the 
question. 
609 Erin: No, wait, wait! 
610 Researcher: So what did you get? 
611 Erin: It’s lower. It doesn’t compare to our estimate because it’s lower. 
It was observed from the student workbooks that the students had chosen an incorrect 
method to try to answer the question. Eventually the students did get an answer they could 
defend and they then argued that the wording of the question led them astray. The ability 
to experience uncertainty, make mistakes and choose incorrect pathways as a part of the 
discover process may have proven challenging for Erin. Supporting evidence for this is in 
comments above such as (609), “No, wait, wait!” Experiencing uncertainty may have 
contributed to an improvement in the resilience Erin had towards making mistakes and 
encouraged her to use more creative approaches to solving mathematics tasks. Erin’s 
experiences with this novel task are highlighted by studies that found failure and confusion 
occurred most prominently at the start of units of new work in mathematics (De Corte et al., 
2008; Dweck, 1986).   
7.4.6 Post-task 3 Interview 
Erin and Michelle volunteered to take part in post-task interviews to assist with clarification 
of some of the experiences in the third ill-structured question. Excerpts below have been 
used to highlight key points of discussion. 
612 Researcher: What is your favourite subject? 
613 Michelle: Music Extension. Do you want to hear my justification? 
614 Researcher: Of course. 
615 Michelle: In Music Extension you can choose what you want to study and what your 
assignment is going to be. 
616 Researcher: Do you feel like what you have learned in Maths A will be useful for 
your future. 
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617 Erin: Yes the money stuff, definitely, and the tax and those things. Not the land 
survey stuff though. 
618 Michelle: Yeah that was terrible. 
Michelle mentions that ‘choice of learning’ was her reason for appreciating the subject 
called Music Extension (line 615). This notion of choice of what is learned has been 
argued by Schunk (1991) to improve student motivation.  While a traditional Maths A 
classroom has little choice of what is learned for students, ill-structured tasks presented in 
an inquiry learning environment appeared to allow students to choose the approach to 
decide on final answers. Erin expressed that the aspects of Maths A that were most useful 
were the ‘money stuff and tax’ (line 617). The units mentioned by Erin were primarily 
learned through inquiry methods and this is similar to both of the other case study 
participants. This may have contributed to a shift in Erin’s beliefs about how mathematics 
should be taught and the nature of mathematics more generally. The researcher then 
redirected the interview to another aspect of inquiry and an excerpt is below. 
619 Researcher: Can anyone learn maths? 
620 Michelle: Well, I remember trying to do prep Maths B and I had a tutor and 
everything. I couldn’t pass, but I have had no trouble in Maths A. I think it just 
depends. 
621 Erin: As long as you can understand when you have to use it. And you have to 
understand why that’s the correct answer and why you go wrong if you use the 
wrong process.  
The final expression of Erin’s (line 621) may suggest a progression in her thinking about 
the value of the process rather than a focus on the final correct answer. Recognising the 
role of understanding the task may have impacted on Erin’s beliefs and attitudes about the 
nature of mathematics and the role mathematics plays in our society. In the next excerpt 
from this interview, the researcher asked questions about the way mathematics was taught. 
622 Researcher: Did you find the inquiry learning different? 
623 Michelle: Not really, the maths was the same but it was more like having to justify 
why you got an answer and using those processes. Which is a little bit tedious at 
times. 
624 Researcher: Well did the teacher teach differently at those times [during inquiry 
units]? 
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625 Erin: Yes, extremely different. By going through the map thing, she had to change it. 
I prefer the way she is teaching now, just telling us. I found during the inquiry she 
didn’t explain things well and we just skipped a lot. We weren’t given so much 
guidance. 
626 Michelle: Normally we would go through a few examples before we would do any 
questions.  
627 Erin: Yeah, knowing what you have to do and the process you have to use and so 
on. 
628 Researcher: So you feel like there are things you still need to learn? 
629 Erin: Well not really, the questions we had [in inquiry units] were more general than 
the exercises.  
Erin expressed a clear preference for the teacher’s normal style of teaching (line 625). 
However, she does not agree with Michelle’s view that they had missed out on learning 
aspects of the course through doing the ill-structured tasks (line 629). This appears to be a 
contradiction of her comments from the previous two post-task interviews and may 
suggest a shift in her beliefs and attitudes about the way that mathematics can be taught 
and learned. 
7.4.7 Summary of Case Study 3 
Erin was a high performing mathematics student who began this study with positive self-
efficacy, a belief that mathematics would be useful to her future and an apparently 
sophisticated understanding of the nature of mathematics. Initially Erin was resistant to the 
change of approach she experienced during the inquiry learning units. While Erin was still 
resistant at the end of the study, she did appear to show a shift in her attitude towards the 
value she placed on the inquiry learning process.   
7.5 Conclusions to Case Studies 
Each of these case studies presents empirical examples that can be argued to support the 
idea that inquiry learning does expose, engage and challenge students’ beliefs and 
attitudes towards mathematics and this aligns with other research in this field (Boaler, 
1998; Goodykoontz, 2008). The case studies highlighted the impact on individuals in the 
class and demonstrate that working on ill-structured tasks created unique learning 
experiences that allowed students to develop more sophisticated understandings about 
mathematics. Each case study illustrated points in time that may have contributed to a 
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progression in the students’ beliefs and attitudes towards mathematics. Each of the three 
students from the case studies began the Maths A course with differing levels of self-
reported beliefs and attitudes towards mathematics.  
All three students expressed some beliefs that could be described as unsophisticated (e.g., 
lines 279, 386 & 532). Glen and Erin both expressed fairly sophisticated beliefs and 
attitudes in some areas, for example their self-efficacy towards mathematics (lines 423 & 
497). Over the study, there appeared to be a progression to a more sophisticated 
understanding of mathematics in some aspects of beliefs and attitudes. For example, 
Chloe and Glen initially expressed that they did not think that mathematics would be useful 
to them outside of the classroom (lines 256 & 390). Later in the study both students 
expressed that they did find some units useful (lines 283, 336, 414 & 463) and the majority 
of units they referred to were learned through inquiry methods.  
Results in Table 7.6 below support the conjecture that students’ beliefs and attitudes 
progressed across the study. In Table 7.6, a negative difference indicates that the students 
have become more positive about the subscale when comparing initial and final survey 
responses. It can be seen from these results that 13 out of 18 final survey averages for the 
subscales had improved for these three students. It could be argued that Erin’s results 
appear to have remained relatively stable; however her initial responses did indicate a 
sophisticated understanding in some areas before she began the study. 
Table 7.6 
Comparison of case study participants’ responses to initial and final survey IMBS. Lower 
scores and a negative difference indicate an improved response. 
Initial IMBS Final IMBS Difference 
IMBS Subscale Chloe Glen Erin Chloe Glen Erin Chloe Glen Erin 
Time 17 17 11 22 20 9 5 3 -2 
Word Problems 18 23 17 20 14 16 2 -9 -1 
Understanding 22 15 12 19 8 10 -3 -7 -2 
Steps 18 12 16 17 9 18 -1 -3 2 
Effort 13 14 11 12 6 15 -1 -8 4 
Usefulness 24 27 8 17 17 6 -7 -10 -2 
 
Figure 7.1 below summarises the proposed summary of benefits to the three case study 
participants. Figure 7.1 illustrates that students began the inquiry learning units with a 
range of beliefs and attitudes. Exposure to ill-structured tasks in an inquiry learning 
environment assisted with a broadening of students’ beliefs and attitudes over time. By the 
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end of the study students appeared to have expressed a wider range of beliefs and 
attitudes, although at times they contradicted their statements (line 329, 456.463, 629). It 
is acknowledged that not all beliefs and attitudes of the three case study participants were 
affected equally by exposure to the mathematical inquiry process. 
Time 
 
Sem 3 
 
Sem 2 
 
Sem 1 
 
        
Sophistication of Beliefs and Attitudes towards Mathematics 
Figure 7.1. Effect of mathematical inquiry on students’ beliefs and attitudes towards 
mathematics. 
The case study results have been useful in tracking the experiences of individual students 
with inquiry learning processes. These case studies do not represent the students’ whole 
experience and therefore provide encouraging information about the role that inquiry 
learning may have in shaping students’ beliefs and attitudes.  As the researcher was 
known to each of these students, it is possible that their responses were an attempt to 
provide answers they thought they should. However, the quantity of data provided was 
intended to alleviate this concern. 
The data outlined here concludes the presentation of data for this study. The following 
chapter seeks to elaborate and discuss aspects of chapters 5, 6 and 7 to support the 
central thesis.  
Naïve Beliefs Sophisticated Beliefs 
Range of Beliefs and Attitudes of 
Case Study Participants 
Range of Beliefs and Attitudes of Case 
Study Participants 
Range of Beliefs and Attitudes of Case Study 
Participants 
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Chapter 8  
Discussion and Conclusions 
8.1 Introduction 
This study focused on senior secondary high school students and the ways in which 
inquiry learning can affect their beliefs and attitudes towards mathematics. Research of 
mathematics classrooms that have used inquiry learning methods with Year 11 and 12 
students is rare and the study therefore makes an important contribution to the research 
community.  
The central thesis of this study is that the students involved in this study appear to have 
developed an inquiry attitude towards learning mathematics. This inquiry attitude is 
described as an alignment of beliefs that encourage the learner to view mathematics as 
complex and multidimensional with answers being socially constructed and democratically 
determined. Students with an inquiry attitude question knowledge claims and take a critical 
stance when they encounter real-world mathematical problems. These students are 
confident they can find an acceptable solution and work to produce well-articulated 
arguments for their choice of pathways when solving problems.  
This chapter seeks to build support for the usefulness for students of an inquiry attitude 
and will elaborate on data that were instrumental in the development of this concept. 
Development of the concept of an inquiry attitude is intended to build an understanding of 
the role of beliefs and attitudes in the mathematics classroom. To build this support, this 
chapter will address the research questions below. 
 How does the use of ill-structured tasks contribute to the development of an inquiry-
based learning environment in mathematics? 
 Do students who practice ill-structured tasks perform better on future ill-structured 
tasks? 
 Which beliefs and attitudes does inquiry learning influence (if any)? 
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This leads to the main research question: 
 How does creating an inquiry-based learning environment in mathematics influence 
student beliefs and attitudes about mathematics? 
 
The background literature for this study drew upon research into inquiry learning 
(Jaworski, 2010; Makar, 2012) and also students’ beliefs and attitudes towards 
mathematics (De Corte, 2008; Di Martino & Zan, 2014; McLeod, 1992; Pajares, 1992). The 
use of ill-structured tasks in inquiry learning is also explored (Fielding-Wells et al., 2014; 
Spector, 2006). The theoretical framework for this study incorporates perspectives from 
Dewey (1915, 1938) in regard to inquiry learning, Bandura (1977, 1986) in relation to how 
students learn from observing others and McLeod (1992) with respect to how beliefs and 
attitudes are a part of the cognitive experience in mathematics classrooms. 
The study incorporated three separate units of inquiry learning across an 18 month 
timeframe. Ill-structured tasks were used during these inquiry units. Participants were one 
class of 23, Year 11 students who were all 15 to 17 years old at the beginning of the study. 
The class was a subject called Maths A at a State high school in a Queensland city. Due 
to the difficulty in locating a senior secondary high school classroom that was utilising 
inquiry methods, the study used a design experiment approach as described by Cobb et 
al. (2003). Data were collected through initial and final surveys and ill-structured tasks, 
classroom observations, video-recording of classes, audio recording of post-unit interviews 
and multiple case studies.  
Data were presented in three distinct chapters. Chapter 5 presented initial and final data 
for surveys and ill-structured tasks. Data were analysed using cross- sectional descriptive 
statistics of initial surveys and ill-structured tasks and inferential comparisons of final 
surveys using matched pairs t-tests as suggested by Bell (2010) and Ward et al. (2010). 
Chapter 6 presented data from video records of classes, audio records of post-task 
interviews, student workbooks and field notes from the researcher.  Analysis included 
deductive methods (Cresswell, 2014; Erikson, 2006) that used pre-determined categories 
of beliefs and attitudes as described by McLeod (1992). Chapter 7 used a case study 
approach to explore the impact of inquiry learning on three individuals in the class. 
Analysis followed the same process as chapter 6 and used video recordings of classroom 
sessions and audio records of post-task interviews.   
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This chapter seeks to discuss the interpretation of results and use these to support the 
main thesis that an inquiry attitude was developed through the use of ill-structured tasks. 
The inquiry attitude appeared to be developed through repeated exposure to ill-structured 
tasks presented in an inquiry learning environment. The ill-structured tasks that students in 
this class encountered all contained some ‘messy’ aspect that encouraged students to 
collaborate. Ill-structured tasks have been found to support active discussion in 
classrooms that goes beyond the interactions found in traditional learning environments 
(Fry & Makar, 2012).  
This chapter will also present conclusions and elucidate the importance of the results 
within the current research as outlined in the literature review. Limitations of the research 
will be discussed and areas of possible further research will be highlighted. Implications for 
classroom practice will be addressed. The sub-questions will be addressed first.  
8.2 The Role of Ill-structured Tasks in an Inquiry Learning Environment. 
Ill-structured tasks appeared to be useful for facilitating inquiry learning in the mathematics 
classroom. Table 8.1 below was developed from pursuing chapters 6 and 7 to find data 
that related to the research sub-question. The table was designed to provide an overview 
of some aspects of ill-structured tasks that supported the implementation of inquiry 
learning for this study.  
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Table 8.1 
Aspects of ill-structured tasks that supported inquiry learning 
Aspect of Ill-structured Task Aspect of Inquiry Learning Environment 
Contextualisation of task (Sections 6.5, 
7.3.5) 
Improves relevance to students 
Encourages lateral thinking 
Messy nature of question (Section 7.3.4) Doubt created, impasse inevitable 
Multiple pathways to solution possible 
(Sections 6.2, 6.4, 6.5, 7.4.6) 
Creates need to collaborate and 
negotiate 
 Creates need to communicate clearly 
 Creates need to justify and defend 
 Changes role of the teacher 
Multiple mathematical concepts  
(Sections 7.3.1, 7.4.4) 
Potential to build relational understanding
 
Each aspect of the ill-structured tasks will now be discussed and sources of evidence that 
justify inclusion in Table 8.1 will be elaborated. Possible pitfalls of using ill-structured tasks 
are also outlined to assist with providing an interpretation of the role of ill-structured tasks 
in the development of an inquiry learning environment. 
8.2.1 Contextualisation of Task 
The contextualisation of ill-structured tasks improved the relevance of what students were 
learning with their lives and their future. The connection of learning with the real-world of 
students is a goal of inquiry-based learning and reflects the theories of Dewey (1938). The 
relevance to students’ lives outside of the classroom was apparent in statements such as, 
“My brother has just done this, set up his own personal trainer business” (line 3), and later 
in the same unit of work, “Yes, well this is coming from gym junkie over here [points to 
another group member]” (line 188). In the third ill-structured task Glen commented that, 
“We are up to the Yamaha and these two S10s [laughs]” (line 427). The first two 
comments above were made during the first task by different students. The third comment 
was made by Glen, the participant of case study 2. Glen was referring to a stimulus picture 
used for the third task and was naming the brand of the sound system in that photograph. 
The task was aimed to engage students in learning about depreciation of business assets.  
Some students did not easily find the connection of the context of ill-structured tasks to 
their lives. At times students openly stated this disconnect. For example, Ming and Rachel 
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appeared to have reached an impasse with selecting odds for the Game of 7s (lines 233-
234). The ill-structured task required them to consider themselves as casino owners. Ming 
commented was that it was ‘hard’ to get into context and Rachel made an open statement 
about not liking casinos. This indicated that these students did not want to take on this 
context. When Ming did appear to take on the role of a casino owner (line 234) she then 
made progress in her working for this task. Taking on the role of the casino owner 
therefore did appear to assist Ming moving past the impasse in understanding. So 
contextualisation of questions in mathematics may allow students to consider alternative 
viewpoints and thus teach them important reasoning skills (Fielding-Wells & Makar, 2008). 
This correlates to what Makar (2012, p. 374) describes as sense-making from the context.  
Although some students did have difficulty connecting their lives with the selected contexts 
for the ill-structured tasks, allowing students to choose their own context may have 
detracted from the intended learning experience. One example of this was related to a 
group of students who had altered the context as they felt that a personal trainer business 
did not appeal to them (lines 253-256). However, the context they did choose (music and 
gun shop business) appeared to have elements of fantasy in it. The elements of fantasy 
challenged some members of the group (line 253) and created other issues for this group. 
Other issues included a lack of consistency with what the rest of the class were doing and 
a reduction in collaborative opportunities with other groups. 
There were some challenges with allowing students to select their own context, however it 
did appear to highly motivate the group and many exchanges for these students during 
this task could be described as having positive emotional components (e.g.,, lines 251,261 
and 264). The self-selection of context described above can be interpreted as students 
collaboratively defining the terms of the task and allowing students to control the direction 
of their learning (Boaler, 1998; Makar, 2012). In this way an inquiry learning environment 
was supported. It can also be argued that allowing students to choose their own context 
was encouraging lateral thinking within the task as students needed to understand the 
purpose of the task to be able to successfully adapt it to a different context. 
Using a contextualised, ill-structured task may have detracted from students’ mathematical 
approaches to questions. For example, some students reported that they had made 
decisions about pathways for solution based on aspects such as ‘Practical[ity]’ (line 105), 
and, ‘Marketing perspectives’ (line 216). These examples are from the second unit of work 
that focused on introducing a new game at a casino called ‘The game of 7s.’ The students 
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appeared to have been using the context to make decisions about aspects of the ill-
structured tasks that would have been more appropriately solved using mathematics. The 
student’s reflection appeared to indicate they had seen the non-mathematical approach as 
a mistake. While the use of non-mathematical pathways was only noted on two occasions 
throughout the study, it highlights an important point. Students may not be readily able to 
mathematise the ill-structured tasks (Makar, 2012). The role of the teacher in an inquiry 
learning environment is therefore critical. The teacher needs to identify instances when 
students are using non-mathematical approaches to the task and redirect them to engage 
in more mathematical pathways (De Corte et al., 2008; Eisenberg, 2013; Kogan & 
Laursen, 2013; Makar, 2012).  
8.2.2 Messy Nature of Ill-structured Tasks 
The ill-structured aspect or messy nature of the tasks appeared to cause students to reach 
impasses. These impasses encouraged the students to experience doubt about the 
pathway they had selected and can therefore be interpreted as promoting aspects of an 
inquiry learning environment (Dewey, 1938).  
Throughout the first and second inquiry learning units, a number of students made 
comments such as, “Yeah, we were not given the income of the casino, so how were we 
supposed to find out the income?” (line 146), and, “Well you had to write down the 
answers when you weren’t really going to be able to find them out” (line 532).  These 
students are argued to have recognised that they were not given sufficient information to 
come to a definite solution. The apparent lack of information for the tasks appeared to 
promote the creation of an impasse in the way students interpreted the question and also 
how they confirmed the ‘correctness’ of their final response.  The casino task was also 
designed to encourage students to critically analyse their responses in regard to what is 
‘fair’ for the casino and the punter. The need to critically analyse answers has been argued 
to be rarely experienced by students in traditional mathematics classrooms (Dewey, 1938; 
Makar, 2012).  
On the initial ill-structured tasks, students demonstrated little skill in regard to how to 
approach the ill-structured aspect of the question. For example, on the initial ill-structured 
task, 18 out of 23 students either challenged the validity of the question or overlooked the 
ill-structured aspect of the question. Kirschner et al. (2010) recognised that students may 
feel poorly equipped to deal with these types of problems and they suggested that 
exposing students to open-ended, unguided tasks may ultimately detract from learning 
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mathematics. The use of the guided inquiry process (Allmond, Wells & Makar, 2010; 
Makar, 2012) appeared to have provided students with a process they could follow that 
assisted with avoiding frustration and progressing beyond the impasse created by the ill-
structured aspect of the tasks. Students often referred to the guided inquiry process 
diagram on the whiteboard when they reached an impasse and used the stages of inquiry 
to determine a pathway forward. So while students were encouraged to experience doubt 
and reach impasses, the guided inquiry process provided suitable support to allow most 
students to progress through the task. 
8.2.3 Multiple Pathways for Solution 
Ill-structured tasks used in this study allowed for multiple pathways for solution. 
Interpretations from this study indicate that the creation of multiple pathways for solution 
supported the initiation and sustainment of an inquiry learning environment through (a) 
creating the need for students to collaborate and negotiate, (b) providing an impetus for 
clear communication, (c) focusing on justification and defence rather than a single correct 
answer and (d) requiring a change in the way the teacher interacts with the class.  
The need for collaboration and negotiation was evident in direct statements from students. 
For example, when Chloe’s group reached an impasse through disagreement about the 
maximum number of clients to have in each music group session, they sought the final 
decision democratically from the third group member (lines 194-199). Observations of 
classroom behaviour showed that students all formed into groups and participated in 
vibrant discussions about the tasks. The combination of these aspects described above 
indicated that students had a sense that decisions were socially constructed and required 
input from other people to assume validity (Bandura, 1986). The collaborative component 
is a trait of inquiry learning that allowed students to establish the credibility of their choice 
of pathways and responses (Goos, 2004).  
Using a collaborative approach to learning mathematics also presented challenges.  For 
example, one group decided that the mathematical reasoning was to be assigned to only 
one person in the group (lines 257-261). In this case the students had decided that Zara 
was going to do the recording and mathematics associated with their music and gun shop 
business. The other group members were making suggestions and decisions based on 
Zara’s incorrect calculations. While this example showed evidence of collaborative work 
within this group, the fact that only one student was involved in doing the associated 
mathematics was not considered ideal. This was observed in a number of groups during 
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the first inquiry unit and was attributed to the teacher and researcher not assigning roles 
within the groups during the first inquiry unit. Daniel, Edelson, Gordin and Pea (1999) 
considered the reduction in all students completing the core work for a class to be a 
management issue that is particular to collaborative, exploratory learning styles. 
At the end of the first unit, the teacher and researcher met to discuss these instances of 
disengagement with the mathematical components of the task. Strategies were put in 
place to ensure students were more accountable for the processes of inquiry rather than 
copying the ‘answers’ (Daniel et al., 1999). This progressive approach to developing an 
inquiry learning environment is an example of the flexibility of the design experiment 
approach (Cobb et al., 2003). 
The nature of the multiple possible pathways when answering an ill-structured task 
appeared to require students to communicate at a high level. Each decision needed to be 
documented in order to complete the process of guided inquiry. Students in this study 
stated that they recognised this difference when compared to their normal mathematics 
classes (lines 145, 161 and 550). For example, Mandy (line 145) reflected that, “I kind of 
just had the answer but then you had to really explain why you had it. It was a bit tedious.” 
While this excerpt demonstrates some element of resistance to the role that 
communication played in answering the ill-structured task, it can be argued that this level 
of communication was not familiar to Mandy. This requirement for extensive 
communication is necessary for the development of analysis and mathematical reasoning 
that are integral to inquiry-based learning environments (Cobb & McClain, 2006). 
Multiple pathways to solution found in ill-structured tasks necessitated that students clearly 
reasoned and justified each assumption or pathway they selected. The open-ended aspect 
allowed students to make their own choices, however they did need to carefully justify 
those choices. For example, in the third inquiry unit one group of students were deciding 
whether or not they would sell their sound system at a price that was lower than predicted 
by the seller (lines 89-93). Michael reasoned that the predicted price from the seller was a 
valid estimate that could be used for decisions about whether to sell the system or not. So 
while he did question the validity of the seller’s prediction, he argued that the offered price 
was also a prediction from the buyer. This example can be argued to demonstrate that 
Michael displayed mathematical reasoning skills during the defend phase of this ill-
structured task. The use of mathematical reasoning skills has been noted in other research 
that utilised inquiry learning (Cobb & McClain, 2006; Fielding-Wells & Makar, 2008). 
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The role of the teacher can be interpreted to be affected through the use of the ill-
structured tasks. One aspect of the teacher’s role that appeared to be different from 
traditional mathematics classrooms was the way the teacher coached students instead of 
directly showing them how to complete questions. This was observed on a number of 
occasions throughout the study. For example, one student directly asked the teacher for 
assistance in unpacking the components of the third ill-structured task (line 155). The 
teacher responded by saying, “I’m not going to make any suggestions, this is your discover 
phase” (line 156). The use of ill-structured tasks encouraged the teacher to use teaching 
strategies such as coaching and guiding. These strategies align with the expected role of 
the teacher in inquiry classrooms (Goodykoontz, 2008; Kogan & Laursen, 2013).  
Not all students saw the benefits of the change in the teacher’s role within the ill-structured 
tasks. Erin reported that she recognised the difference between the inquiry style and 
normal style of teaching; however she preferred the normal way that the teacher taught the 
classes (line 625). Erin argued that she felt the teacher had more input to her learning 
when she was directly showing the whole class how to do the problems.  This point from 
Erin highlights a challenge to using ill-structured tasks in mathematics classrooms. The 
teacher’s role in an inquiry learning environment often requires them to move between the 
groups to provide personalised assistance. This suggests that each individual student has 
less time with the teacher than if she was directly teaching the class for the whole lesson. 
Successful classroom management in an inquiry learning environment requires the 
teacher to develop skills regarding the appropriate levels of guidance offered to students 
throughout the teaching and learning episodes (Daniel et al., 1999; Rowland & Zazkis, 
2013; Xun & Land, 2004). 
The ill-structured tasks used with this class allowed for a variety of possible pathways to 
develop an answer or response. In determining their choice of pathway for solution, 
students collaborated and negotiated with others in the class. Due to the multiple possible 
pathways, it appeared that detailed communication was important for students to be able 
to track their choices. The role of the teacher was reformed to an expert who provides 
probing questions about the pathway the students had selected. This caused the students 
to develop defensive reasoning for their selected pathways.  
8.2.4 Involves Multiple Mathematical Concepts 
The ill-structured tasks used in this study were designed to incorporate multiple 
mathematical concepts. In this study this appears to have assisted with initiating and 
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sustaining inquiry learning via the promotion of relational understanding and development 
of deep conceptual knowledge (Jaworski, 2010; Skemp, 1976). For example, the first ill-
structured task relied upon work from topics such as earning and income, gross and net 
wages, taxation, Medicare contributions and deductions. At some point throughout this 
task all of these sections of work were discussed with the whole class. Towards the end of 
the unit, more general topics associated with society arose such as the average wage, 
minimum wage, poverty line and notions of ‘fair’ taxation systems.  
During this study, students appeared to have been able to recognise the incorporation of 
multiple mathematical concepts and were able to articulate how this was different to their 
normal mathematics lessons. During post-task interviews Glen explained his perception of 
ill-structured tasks by stating that, “It’s more of a question yes or no based on a whole 
bunch of things rather than a number based on a formula” (line 396), and Michael 
reported, “With this stuff its multiple things all put into one [question]” (line 413). Other 
students made similar comments throughout the study. Comments such as these suggest 
that students were aware of the multiple concepts they were working with throughout the 
task. Michael also indicated that he may have seen the process as a more efficient way of 
working (line 393). It appears that Michael recognised the relational understanding that 
was possible when dealing with these types of questions (Jaworski, 2010; Skemp, 1976). 
Not all students saw the value of integrating the mathematical concepts. Erin stated, “Yes, 
normally in classwork you go over what you need to know I guess. Whereas you didn’t 
really do that in this, you kind of had to do everything” (line 547).  From her statement 
about ‘everything’ it appears that Erin recognised that the ill-structured task had multiple 
mathematical aspects; however she indicated a preference at this stage of the study for 
learning individualised concepts in mathematics (line 544). Erin was not the only student to 
express this concern (lines 539, line 623). It can be argued that some students should be 
given the opportunity to engage with questions that focus on individual concepts and is an 
important management issue for inquiry learning environments (Daniel, et al., 1999).  
8.2.5 Summary for Research Question 1 
Ill-structured tasks appeared to facilitate an inquiry learning environment in mathematics. 
This occurred through connecting students’ learning with the real-world, encouraging 
lateral thinking, creating doubt and impasses and by encouraging the need to collaborate, 
negotiate, communicate and defend their choices. The role of the teacher was transformed 
to one where they coached students and offered probing questions that required 
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development of defensible reasoning. The ill-structured tasks contributed to the building of 
relational understanding between multiple concepts in mathematics for some students in 
this class as discussed in 8.2.4. 
A number of possible barriers to successful implementation of an inquiry learning 
environment when using ill-structured tasks have also been discussed. A number of 
research projects have highlighted the critical role the teacher has in the outcomes 
associated with the use of ill-structured tasks in an inquiry learning environment (Fielding-
Wells et al., 2013; Fry & Makar, 2012; Makar, 2012; Rowland & Zazkis, 2013). In 
particular, the level of guidance from the teacher must be matched closely to the 
individuals in the classroom. The teacher in this study spent time ensuring students were 
engaged in the task, had adequate support for overcoming impasses and were 
encouraged to articulate their understanding when challenged. Working in an environment 
where the teacher chooses not to directly show students how to solve problems would 
have contributed to the shift towards an inquiry attitude for the learners.  
In addition to this, some students in the class may have used the collaborative 
environment to avoid engaging with the mathematical content or even the task more 
generally. Management methods such as using booklets or assigning roles to each task 
member and then rotating roles can assist with reducing these issues (Daniel et al., 1999).  
8.3 Student’s Performance on Ill-structured Tasks 
In this section the following research question will be addressed. 
 Do students who practice ill-structured tasks perform better on future ill-structured 
tasks? 
Students in this study appeared to improve in their ability to work with and provide 
acceptable solutions for ill-structured tasks once they gained experience with this problem 
type. More specifically, improved performance on ill-structured tasks can be interpreted to 
be facilitated by students increasing their skills in the following areas: 
 Providing an explanation for an anomaly in a question, (see section 7.3.1) 
 Ability to mathematise a problem, (see sections 6.2, 7.3.1) 
 Selecting a pathway from multiple pathways, (see section 6.5) 
 Using argumentation skills to provide defence for selected pathway, (see sections 
6.2, 7.3.5) 
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 Identifying and communicating assumptions (see sections 6.3, 7.3.4). 
These points were identified from the data in chapters 6 and 7 that related to students 
performance on ill-structured tasks and the specific sections have been identified above. 
Each of these aspects of working with ill-structured tasks will now be discussed. 
8.3.1 Providing an Explanation for Anomalies 
It is argued that with practice, students in this study became more proficient at providing 
an explanation for anomalies and were more likely to overcome impasses created by ill-
structured aspects of problems. As discussed in section 8.2.2, initially students were 
challenged by the ill-structured aspects of the tasks used in this study. Students appeared 
to be unsure how to answer the ill-structured tasks as they didn’t have a single correct 
answer (e.g., lines 8 and 19). 
Results from this study indicated that experience with ill-structured tasks assisted students 
in considering alternatives and learning to develop hypotheses. For example, Glen was 
discussing ways to make the personal trainer business viable and he suggested making 
the sessions more expensive (lines 372-374). He then considered how this may affect his 
customer base and argued that perhaps gaining further qualifications would benefit as he 
reasoned that he could justify charging the clients more. The consideration to increase the 
cost of the sessions for the personal trainer business allowed Glen to adjust his hypothesis 
about the viability of the business. It can be argued that the need to develop hypotheses 
would be rare in a traditionally taught classroom (Jaworski, 2010; Schoenfeld, 1992).  
Students’ confidence with dealing with the ill-structured aspect of these tasks did appear to 
improve across this study. The building of confidence may have resulted from students 
needing to defend their choices and argue against the alternatives they had not selected. 
An example of this is Erin’s statement, “The fair price is ambiguous isn’t it, because what 
one person would accept another would not” (line 600). This was in response to the third 
ill-structured task associated with selling some sound equipment for a price lower than 
predicted. Erin appeared to have demonstrated critical thinking in regards to the ill-
structured aspect. She identified the ambiguous nature of the question and argued that 
either hypothesis was therefore valid.  
Statistical data also supported the notion of an improvement in these students’ ability to 
respond to the ill-structured aspect of the tasks. 10 more students provided a hypothesis 
for the final ill-structured task when compared to initial task.  In addition to this, seven 
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fewer students challenged the question with responses such as, “I cannot judge the range 
because of the incomplete graph.” It does appear that students had developed techniques 
to be able to respond more appropriately to the ill-structured aspect of the tasks. 
Exposure to these ill-structured tasks appeared to build students’ self-confidence with 
providing an explanation for anomalies, considering alternatives and moving through 
impasses created by the ill-structured aspect of the tasks. The improvement in students’ 
ability to provide inference and prediction is supported by findings from other research 
using inquiry learning environments in mathematics (Fry & Makar, 2012). 
8.3.2 Mathematising the Problem 
Using ill-structured tasks appeared to assist students to build their proficiency in 
mathematising problems. To be able to solve ill-structured tasks, students need to be able 
to connect the context to mathematics and then search for a pathway to solution (Makar, 
2012).  
In the first inquiry unit students were not provided with any quantities in the question, 
however they were told that learning was derived from a unit of Maths A called ‘Managing 
Money.’ Initially the way the students connected the question to mathematical learning 
could be described as being inexperienced. For example, many groups simply estimated 
an annual salary for a personal trainer without any mathematical evidence. This led them 
to an impasse as they were not sure how to answer the question of viability 
mathematically. As students began to engage more fully with the ‘discover’ and ‘devise’ 
phases of the guided inquiry process, they developed methods of calculating income that 
were all alike. Students then mathematised the problem as they began to discuss the 
number of classes and costs per hour for groups. At this point many groups spoke with 
other groups to check their reasoning. Some groups also checked with the teacher. Once 
this mathematising took place, students appeared to become aware of the array of 
mathematical components to take into account for this question. For example, Glen and 
Michael were brainstorming costs and deductions associated with a personal trainer 
business (lines 360-366). 
Towards the end of the study, students appeared to gain proficiency with connecting the 
context to the mathematics during the ill-structured tasks. They developed the skill of being 
able to recognise the way different types of mathematical reasoning could be employed. 
For example, students in one group were discussing differences in depreciated values for 
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the third inquiry task and two students in this group had taken a different approach to 
answering the question (lines 94-98). Claudia applied estimation and reasoning to respond 
to the ill-structured task. Erin advocated for finding a precise, mathematically derived 
answer to allow for comparisons. This can be argued to show mathematical reasoning as 
both students could see each other’s viewpoints. These social interactions appeared to 
allow students to construct meaning collaboratively (Bandura, 1986). This goes beyond the 
concept of mathematicising the problem and can be argued to show the development of 
what Yoon, Dreyfus and Thomas (2010) called a conceptual understanding of the role of 
mathematics in answering questions.  
8.3.3 Selecting Pathways 
Through the practicing of ill-structured tasks, students appeared to become more proficient 
at selecting pathways for solution. This section will discuss the notion that identifying and 
selecting possible pathways appeared to be linked closely with the mathematising of the 
problems and defence.  
In the initial stages, students were uncertain about the pathway they selected. For 
example, in some cases students used the textbook to attempt to justify their pathway 
choices (line 12). In this example, Tony was not confident in his own reasoning in 
determining a pathway for his mathematical work during the first inquiry task. He therefore 
relied upon his textbook to guide him with the process of determining deductions and 
taxation by studying worked examples from the text. Once students understood their role 
in selecting pathways they no longer appeared to use the textbook. Instead they began to 
reason and utilise argumentation skills to support their choice of pathways. For example, 
Ming and Rachel were discussing the number of times someone needs to roll two dice to 
be guaranteed obtaining an addition of seven (lines 202 -205). While Rachel suggested a 
pathway for solution, Ming challenged her logic and suggested a practical trial. Initially the 
students had hypothesised it would need to be rolled 12 times to be guaranteed a seven, 
however once these students had completed the practical task of rolling the dice, they 
revised their estimate down to 6 times of rolling the dice. This eventually led students to 
discuss the theoretical probability with the researcher. In this way, the mathematising of 
the task, pathway selection and argumentation or defence of the pathway were intertwined 
as students worked towards a solution.  
Therefore it has been interpreted that as students’ skills developed in mathematising of the 
problem and their ability to provide defence and argumentation improved, they were able 
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to identify more pathways and their methods of selecting pathways became more robust. 
Similar improvements in students’ ability to select and justify pathways for solution have 
been noted in other inquiry learning research projects in mathematics (Goos, 2004; Kogan 
& Laursen, 2013). 
8.3.4 Defence and Argumentation 
Practicing ill-structured tasks can be argued to improve students’ proficiency in providing a 
defence for their selected pathways. The role of defence and argumentation was a key 
strategy planned by the teacher and researcher before the inquiry units were implemented. 
Each ill-structured problem was supported by a range of guiding, probing questions as 
suggested by Daniel et al. (1999). Students were explicitly taught the guided inquiry 
process (Makar, 2012) and one phase of this was called defend. Students were therefore 
made aware of the role that defence played in answering the ill-structured tasks. Initially 
students’ defence and argumentation was usually based on what the ‘textbook says’ or 
‘teacher said,’ as is illustrated in 8.3.3 above.  
In the first unit of work the teacher and research moved between the groups and 
presented challenge questions (e.g., lines 18-32). Jody appeared to have finished her 
work and she and her group had stopped working on the task. It appeared that Jody has 
made a decision but wanted further information to clarify her reasoning (line 21). At this 
point, the researcher indicated that no further information would be provided and the group 
began to explore other ways of supporting their response. In this way students were 
encouraged to rely on their own reasoning to justify their selected pathways and 
conclusions.  
Towards the end of the inquiry project, a number of students appeared to provide their 
own challenge questions and no longer required the teacher or researcher to take on this 
role. This was observed when students were asked to explain their answers and they 
presented clearly articulated responses to the whole class. However, students also 
demonstrated the creation and use of defence questions to assist with determining their 
group response to the tasks. For example, Glen and Michael were arguing about the idea 
of investing in Star Wars figurines during the third inquiry unit (e.g., lines 417-425). 
Michael’s comment and confident demeanour when he said, “It’s better than keeping the 
money in a box [laughs]” (line 424), suggested that these students may have gained in 
confidence with supporting their answers through reasoning. Other research projects that 
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incorporated inquiry learning have recognised shifts in students’ skills in justifying and 
arguing pathway selections (Fielding-Wells, 2014). 
8.3.5 Identify and Communicate Assumptions  
Through practicing ill-structured tasks, students in this study appeared to develop their 
ability to identify and communicate assumptions they made. The teacher played an 
integral role in establishing the norms for this communication and this has been noted in 
other similar research (Goos, 2004; Makar, 2012), however the students in this study also 
provided challenge questions that encouraged the articulation of assumptions in their 
responses to ill-structured tasks. 
The nature of an ill-structured task means that students are continually making decisions 
about appropriate pathways and each decision needs to be justified and communicated 
(Allmond & Makar, 2010). The final document produced by students for the first ill-
structured task in this study was typically about one or two pages long. Students tended to 
break their working into parts and this usually consisted of sections for income, expenses, 
taxation and conclusions. The written requirement did require direct input from the teacher 
on a number of occasions. For example in line 15 the teacher says, “There is not enough 
communication for me to understand how you have arrived at that taxable income, are you 
using the term correctly?” Students appeared to respond to this type of feedback. For 
example, Claudia states, “We came up with the answer fairly quickly but then we had to go 
back and do all the working to show how we got it” (line 545). 
The level of detail in student responses is argued to have allowed for deeper questions 
during the defend phase. For example, during the third inquiry unit students were 
investigating whether or not the Star Wars figurines were a good investment and they were 
discussing what other aspects they should consider rather than simply the predicted price 
and inflationary rises (lines 126-131). The students suggested costs such as shipping fees 
and possible damage in storage of the figurines. The written response from these students 
can be interpreted to have allowed for deeper analysis of aspects associated with the ill-
structured task (Cobb & McClain, 2006; Makar, 2012). This may have promoted students’ 
awareness of the value in detailed communication to support their final outcomes. 
8.3.6 Summary for Research Question 2 
Practicing ill-structured tasks appeared to allow students to become more proficient with 
this problem type. Students who practiced ill-structured tasks appeared to have shown 
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progress in their proficiency with providing a hypothesis for messy situations, 
mathematising problems more readily, considering, selecting and justifying pathways and 
providing in-depth defence and detailed communication of their choices. These skills can 
be argued to have value to the learner outside of the mathematics classroom (Fry & 
Makar, 2012; Lodewyk et al., 2009) and are argued to have contributed to the 
development of an inquiry attitude within the classroom.  
8.4 Beliefs and Attitudes Affected in an Inquiry Learning Environment 
Inquiry learning has been interpreted in this study to expose, engage and challenge 
students’ beliefs and attitudes in all of the categories of beliefs described by McLeod 
(1992). The most significant, positive impact has been seen in the category of the ‘nature 
of mathematics.’ This section will provide support for this claim. McLeod (1992, p. 576) 
proposed that the belief set he called the ‘nature of mathematics’ consisted of beliefs that 
relate to the following areas: 
 Mathematics is difficult 
 Mathematics is useful 
 Mathematics involves mostly memorising and using rules 
 Questions in mathematics should take five minutes or less 
 Work is done alone and in a seat 
 Mathematics is skill oriented 
In addition to this, the use of inquiry learning techniques in mathematics is argued to 
positively impact on students’ general attitude towards mathematics. Each of these 
aspects will be individually discussed below to assist with addressing the following 
research question. 
 Which beliefs and attitudes does inquiry learning influence (if any)? 
8.4.1 Mathematics is Difficult 
Across the course of this study there is little evidence to support the idea of change to 
students’ beliefs and attitudes about how difficult mathematics is. Students showed varying 
levels of response to the reflection questions in post-task interviews that relate directly to 
this aspect. Students did appear to have found the work in Maths A less challenging than 
previous studies in mathematics as reported from students in comments such as, “No, I 
understand everything in Maths A” (line 502), and, “This year I feel like we are going over 
194 
 
and over the same stuff again” (line 382). Some students displayed the view that 
mathematics was difficult but they generally attributed this to themselves. For example, 
Chloe repeatedly stated that she found mathematics more difficult than her peers. As 
discussed in chapter 7, Chloe attributed her own difficulties in learning mathematics to her 
learning disability, despite her success in Maths A.  
Results from the IMBS subscale called difficult problems suggest that little change 
occurred to students’ beliefs about the difficulty of mathematics. The difference of means 
when comparing initial to final survey responses was not significant with t(22) = -0.82, p = 
.42.  
8.4.2 Mathematics is Useful 
The results of this study suggest that using ill-structured tasks in an inquiry learning 
environment significantly affects students’ beliefs and attitudes about the usefulness of 
mathematics. Students’ comments in this study indicated that they found the mathematics 
they learned during the inquiry units to be particularly useful. Most students directly 
commented during post-task interviews on how useful their learning was (lines 244, 463 & 
504). Chloe was less committed about her use of mathematics outside of the classroom as 
shown in the statement, “Not consciously, maybe subconsciously I will, but I’m not going to 
make a conscious effort to go, ‘OK, I’m going to use Pythagoras now.’ Maybe the money 
stuff I will use” (line 336). The topics that the students in the case studies articulated would 
be useful were mainly comprised of the topics that were learned through inquiry 
techniques. This leads to the interpretation that students found the nature of the ill-
structured tasks more readily adaptable to real-world scenarios and this has been noted in 
other research (Lodewyk, 2007; Makar, 2012; Spector, 2006).  
In addition to these observations, the survey results showed significant improvement in the 
subscale of usefulness on both the IMBS (t(22)= 1.99, p = .048) and MAS, (t(22)= -1.99, p 
= .047). While causality for this statistical significance cannot be attributed to the ill-
structured tasks presented in an inquiry learning environment, when coupled with the 
observational and interview data, they provide strong support for the notion that inquiry 
learning impacts students’ beliefs about the usefulness of mathematics. 
8.4.3 Mathematics Involves Mostly Memorising and Using Rules 
Exposing students to ill-structured tasks in an inquiry learning environment appeared to 
expose and challenge their notions about procedural aspects of learning mathematics.  
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Overexposure to simple, procedural questions may cause students to covertly believe that 
mathematics is a subject based on rules (Schoenfeld, 1992; Ward et al., 2010).  
At a number of points in the inquiry learning units students were quick to attempt a solution 
without fully understanding or addressing the ill-structured task. As discussed in 8.3.5, the 
teacher and researcher used references to the guided inquiry process to direct students 
back to the discover or devise phase. With practice, the students appeared to understand 
the role of these different phases of the guided inquiry process as described in the 
discussion in section 8.3.2. Some students used the names of the guided inquiry phases 
(e.g., discover, devise, defend) to explain processes they were using (lines 39, 58 and 
408). This suggests that students did develop an appreciation for the guided inquiry 
process. This development of an appreciation for using mathematical processes rather 
than focusing on rules or memory may have assisted with broadening students’ views 
about the nature of mathematics. 
Other evidence supports the view that ill-structured tasks did encourage students to 
develop a more sophisticated understanding of mathematical processes. During the third 
inquiry task students were asked to reflect on the validity of the question they were 
presented with. For example, Nicole commented, “Well we don’t know, but that’s what the 
question says. For 12 years we have been told to believe the question and now you are 
saying the question is wrong [laughs]?” (line 73). Nicole was challenged by the notion that 
the question may be flawed. Following rules in mathematics is based on the assumption 
that the question is correct and does not require critical analysis. Challenging the 
questions may have encouraged students to use mathematical reasoning and conjecture 
rather than rules they had memorised.  Exposing these students to this experience may 
have encouraged them to question their beliefs about the nature of mathematics and 
reshaped their beliefs based on their new experience (Ambrose, 2004).  
8.4.4 Questions in Mathematics should take Five Minutes or Less 
Using complex, multilayered questions in an inquiry learning environment appeared to 
challenge students’ beliefs in regard to the length of time it takes to correctly answer 
problems in mathematics. These challenges may lead to the development of more 
sophisticated beliefs in this area. 
Student’s initial view of the time it should take to solve problems was difficult to ascertain 
from this study. The ill-structured tasks took in excess of one week per task to complete 
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and it could be argued that experience with this style of question would expose and 
possibly challenge their beliefs about this aspect. At points throughout the study, students 
appeared to be willing to take time to solve the task. An example of this is found in line 32 
when Jody states, “So how do we get through this if we don’t have that information.” Jody 
appeared to be suggesting that they needed to explore options other rather than getting 
the ‘required’ information from the teacher or researcher.  
The third question on the IMBS related directly to time with students being asked to 
respond to the statement, “Time used to investigate why a solution to a math problem 
works is time well spent.” Table 8.2 below outlines the comparison of the results for the 
initial and final survey for the question above. It can be seen that initially six students either 
strongly disagreed or disagreed with this statement. After the study was complete, only 
one student disagreed with this statement. However, there does appear to be a number of 
students who were undecided in their response to this statement at the end of the study, 
and some of these students had agreed with the statement on the initial survey.  
Table 8.2 
Student responses to IMBS statement 3 
Initial Final 
S. Agree 1 1 
Agree 13 11 
Undecided 3 8 
Disagree 3 1 
S. Disagree 3 0 
 
While it is difficult to ascertain whether students’ beliefs about the length of time it takes to 
do problems were changed as a result of engaging in these lengthy tasks, the building of 
experiences such as this can be argued to contribute to a broadening of beliefs (Ambrose, 
2004; Di Martino & Zan, 2011).  
8.4.5 Work in Mathematics is Done Alone  
The open-ended nature of the ill-structured task appeared to create an imperative for 
students to work in groups. Working in groups on these tasks could have exposed and 
challenged students’ beliefs about the role of collaborative learning in mathematics and the 
role that shared understanding plays in the development of responses. Students used 
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collaboration to decide upon pathways and provide defence of arguments for those 
choices. Some students expressed their preference for working in groups (lines 345-346). 
While all students did work in groups, it appears that some students may have preferred to 
attempt tasks individually. This is consistent with inquiry-based research from Goos (2004) 
in senior mathematics. For example, Erin expressed frustration at being slowed down in 
her work by being a part of a group. However, Erin’s statement that, “You just don’t get 
ahead” (line 507), can be interpreted to reflect the expectation of a shared understanding 
within the class on the tasks before she could ‘move on.’ Exposing students to group work 
in mathematics that incorporated collaboratively decided answers may have encouraged 
students to consider their beliefs about the role of their classmates when learning 
mathematics and this is reflective of the theories of Bandura (1986) described in chapter 3. 
8.4.6 Mathematics is Skill Oriented 
Using ill-structured tasks in an inquiry learning environment is argued to allow students to 
more fully appreciate the role of relational knowledge when learning mathematics (Skemp, 
1976). See also section 8.2.4. 
Initially, students appeared to be challenged by the focus on mathematical reasoning 
within the ill-structured tasks. For example, Michael argued that the ill-structured tasks 
were different to his normal classroom experiences with mathematics because “It’s more, 
like, what do you think about this?” (line 468). Michael suggested (also line 468) a focus on 
‘ideas’ rather than ‘questions from the book.’ This suggests that some students were 
challenged in their thinking about the role mathematical reasoning takes in mathematics 
classrooms compared to the role of textbook or instrumental skills (De Corte et al., 2008; 
Schoenfeld, 1992; Skemp, 1976) and supports the idea that these beliefs may have 
changed through exposing covert beliefs in regard to using skills in learning mathematics 
(McLeod, 1992; Ambrose, 2004). 
8.4.7 Attitude towards Mathematics 
Results from this study suggested that students’ general attitude towards mathematics 
improved through exposure to an inquiry learning environment. Attitude towards 
mathematics was defined for this study as patterns of beliefs about mathematics 
(Ambrose, 2004; Di Martino & Zan, 2011). Therefore improvements in students’ beliefs 
about the nature of mathematics could be argued to positively impact students’ attitudes 
towards mathematics as it aligns their beliefs in a more sophisticated way. Students 
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expressed the belief that they would use the mathematics they had learned again after 
school (see section 8.4.2). The possible improvement in relation to the role of mathematics 
in students’ lives is argued to contribute directly to their attitude towards mathematics (Di 
Martino & Zan, 2014).  
The MAS survey included a subscale called attitude that was designed to measure 
changes in attitude of the students. Initially, students’ average response was categorised 
as being negative (M=13.78, S.D. = 3.45) and on the final MAS survey the responses 
averaged as being more neutral (M=14.70, S.D. = 3.54). Final survey results showed a 
shift that was not considered significant (t(22) = -1.90, 2-tailed sig, p= .058). Overall it does 
appear that some students in the class became more positive in their attitude towards 
mathematics across the study. This possible shift is consistent with results from similar 
studies that used inquiry learning in mathematics (Ward et al., 2010). 
8.4.8 Summary for Research Question 3 
While overall results show strong evidence that students’ beliefs and attitudes in all four 
belief domains for mathematics (McLeod, 1992) were exposed, engaged and challenged, 
the results support the interpretation that students’ beliefs about the nature of mathematics 
and their attitude towards mathematics showed positive change longitudinally. Within 
McLeod’s (1992) definition of the nature of mathematics, some beliefs showed stronger 
evidence of shift, most notably that of the usefulness of mathematics. This corresponds to 
evidence found in other research in this field (Boaler, 1998; Taylor, 2009).  
Given that beliefs are considered to be relatively stable (Ambrose, 2004; Di Martino & Zan, 
2011; McLeod, 1992) these results present important support for the use of inquiry 
learning techniques within mathematics classrooms. The apparent shift in general attitude 
also leads to support for responding to the key research question below. 
8.5 How Inquiry Learning Affects Students’ Beliefs and Attitudes 
towards Mathematics 
The thesis of this study is that the implementation of ill-structured tasks in an inquiry 
learning environment assisted with the development of an inquiry attitude in the learners. 
An attitude is understood in this study as a pattern or alignment of beliefs (Ambrose, 2004; 
Di Martino & Zan, 2011). Students with an inquiry attitude believe that mathematics is 
useful for their lives, understand that mathematics has complex, multilayered, open-ended, 
messy components that are best understood within a social setting, conceive that 
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mathematics requires a focus on investigative process rather than outcomes, value the 
role of the teacher as a guide and expert mathematician rather than a source of truth, 
actively explore multiple pathways for solution, use defence and justification to select 
pathways, appeared to seek deep understanding through relational connections within 
mathematical content and were willing to take intellectual risks and provide hypotheses. 
The section will discuss this thesis and address the following key research question. 
 How does creating an inquiry-based learning environment in mathematics influence 
student beliefs and attitudes about mathematics? 
Iterations of inquiry learning experiences appeared to deepen the inquiry attitude for the 
students in this study through progressive exposure, challenge and impact to their beliefs 
and attitudes towards mathematics. These reiterations of the inquiry learning methods 
were carried out across a range of mathematical content areas.   
This study aimed to explore the mechanisms of an inquiry learning environment that 
facilitate an alignment of beliefs. Data from chapters 5, 6 and 7 of this study and 
interpretations from the previous three research questions formed part of the support for 
discussion. Aspects of using ill-structured tasks in an inquiry learning environment that 
were identified in this study as being instrumental in the development of an inquiry attitude 
will now be discussed. Table 6.3 will assist with organising the discussion regarding these 
aspects. The information in this table was developed by mapping classroom observation 
data, post-task interview data and field notes against McLeod’s (1992) categories of 
beliefs about mathematics.   
8.5.1 Contextualisation of the Task 
The contextualisation of ill-structured tasks appeared to contribute to the challenge and 
evolution of students’ beliefs in two belief categories, namely; the role of mathematics in 
society and the nature of mathematics.  
Contextualisation of the task required students to imagine the world outside of the 
mathematics classroom and this was intended to create a connection for students with 
what Dewey (1938) called ‘life experiences.’ Results from this study indicated that the 
contextualisation of the task did encourage students to make connections between 
mathematics and their own lives (e.g., see section 8.2.1 and lines 3, 188 & 427). If 
students can rely upon and use knowledge from their own life experiences while working in 
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mathematics, then they may be able to see the role mathematics can play in society and 
the power that mathematics can have in shaping decisions they make (Makar, 2012).  
Throughout this study, conversations between group members often revolved around 
aspects of the context. For example, one group developed a new context for the first 
inquiry unit as they stated that they did not identify with being personal trainers (see 
section 8.2.1). Despite some drawbacks associated with this approach, students in this 
group often demonstrated positive emotions during this task with two students from this 
group describing this type of learning as ‘fun’ (lines 285 and 414). Students’ emotional 
experiences are considered to contribute to the building of their belief system (Ambrose, 
2004; Di Martino & Zan, 2014). If students have a number of negative emotional 
experiences in mathematics, they can build the belief and attitude that they do not enjoy 
mathematics, or that it is boring (McLeod, 1992). It is therefore argued that experiencing 
positive emotions during learning may build the belief and attitude that mathematics is fun 
and enjoyable (Ambrose, 2004). 
8.5.2 Ill-Structured Questions are Front-Loaded and Complex 
Ill-structured tasks presented in an inquiry learning environment are designed to be front-
loaded, complex question types (Makar, 2007). Results from this study suggest that 
experiencing this style of question assisted with the development and alignment of 
students’ beliefs related to the nature of mathematics and how mathematics is taught. 
Traditional mathematics questions are experienced after the students have learned the 
topic, often contain single-step solutions, take less than five minutes to solve and have one 
correct answer (Schoenfeld, 1992). In contrast, ill-structured tasks are often presented 
before students formally learn the unit of work and contain multiple, embedded 
mathematical concepts that take a number of classroom lessons to respond to fully (see 
section 8.2.4).  Data from classroom observations indicated that some students were 
challenged by the level of complexity and different processes involved in responding to 
these ill-structured tasks (see sections 8.4.3, 8.4.4 and 8.4.6). It appears that students’ 
naïve beliefs about mathematics (such as all mathematics questions having a single 
correct solution or take less than five minutes to solve) were challenged.  As Pajares 
(1992) explained, these beliefs may have been covert belief systems built up through 
multiple episodes of learning mathematics. Creating experiences that conflict with these 
covert beliefs may have encouraged students to cognise their understanding of the nature 
of mathematics.  
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The presentation of the ill-structured tasks before the students learned the required 
mathematics appeared to present challenges for some students’ understanding of how 
mathematics should be taught. The front-loading and complexity of the question appeared 
to change the role of the teacher in the mathematics classroom (see section 8.2.3). In this 
study the teacher’s role was not to explicitly show students how to solve the ill-structured 
tasks but instead guide the students through a process to arrive at a defensible solution. 
This is consistent with other research projects that used inquiry learning in mathematics 
(Allmond & Makar, 2010; Fielding-Wells et al. 2014; Goodykoontz, 2008; Goos, 2004).  
Reflections from students revealed that some students expressed positive emotions in 
regard to the role of the teacher in this inquiry learning environment (lines 285 and 414) 
and recognised how different her role was when learning in this way (line 348). Students 
appeared to be able to see the role of the teacher as a guide and expert mathematician 
rather than the person who holds the ‘true’ mathematical knowledge in the room 
(Chamberlain, 2010; Ciompi, 1991). Despite some students objecting to this change in the 
role of the teacher (e.g., lines 460, 550), it is argued that these experiences challenged 
students’ existing beliefs about how mathematics is taught and assisted with students 
building more sophisticated beliefs in regards to the role of the teacher in mathematics 
classrooms (Ambrose, 2004; Goodykoontz, 2008; Skott, 2014). The change to the 
teacher’s role is expected to have contributed to the development of an inquiry attitude in 
the students for this class. 
8.5.3 Seek Relational Understanding and Deep Conversations 
Ill-structured tasks rely on multiple mathematical concepts (Fry & Makar, 2012). Students 
in this study appeared to develop a relational understanding of the concepts embedded in 
the tasks in order to provide a suitable response. The promotion of relational 
understanding is expected to have impacted on students’ beliefs and attitudes about the 
nature of mathematics and how mathematics is taught. Results from this study also 
suggest that relational understanding appeared to encourage deep conversations that 
went beyond the learning goals. It seems likely that exposure to these types of classroom 
conversation would have assisted with the broadening of students’ beliefs about the role of 
mathematics in society. 
The guided inquiry process as defined by Makar (2012) was relied upon to support the 
implementation of the ill-structured tasks. Students were instructed to spend time in the 
discover phase. Data indicated that during the initial inquiry tasks, students displayed a 
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tendency to skip this discover phase and immediately attempt a solution. Once an impasse 
was reached, the students then appeared to expect the teacher to solve the problem for 
them. After they were redirected back to the discover phase, the students typically used 
methods such as brainstorming and conjecture to unpack the relational components of the 
task. In this way, the students were required to explore the relational components of the 
mathematical concepts they were learning. These experiences may have assisted with the 
development of these students’ beliefs about the nature of mathematics. 
As was argued in 8.2.3, ill-structured tasks allowed for multiple pathways for solution. The 
role of communication and language was fundamental to defending pathway selections. 
Once students began the process of trying to validate and defend their outcomes, the 
depth of relational understanding was made evident (Allmond & Makar, 2010; Fielding-
Wells et al., 2014). In this study, the checking of the validity of outcomes appeared to have 
been conducted by students (see 8.3.4). The development of skills to conduct the defence 
process can be interpreted as the development of more sophisticated beliefs about how 
mathematics is taught. This also suggests that a shared experience would assist with 
aligning students’ beliefs within this classroom (Bandura, 1977). 
The promotion of mathematical reasoning over mathematical process allowed the teacher 
to make mathematical connections to everyday life issues (Goodchild, Fuglestad & 
Jaworski, 2013). On a number of occasions conjecture and exploring of multiple pathways 
led group and whole class conversation into rarely explored connections to mathematical 
concepts. For example aspects such as the poverty line and how fairness exists in taxation 
systems were explored (see 8.2.4). These aspects were not predicted to have been 
exposed by the researcher or teacher, however once the situation did arise they were 
seized upon by the teacher to clarify the role of mathematics in the real-world (Makar, 
2012). These experiences may have encouraged students to reconsider their beliefs about 
the role of mathematics in society. 
8.5.4 Collaborative Learning 
Collaborative learning is an integral part of the inquiry learning environment in 
mathematics (Goos, 2004). Results from this study support the interpretation that the 
collaborative classroom encouraged students to appreciate the role of society in 
mathematics and challenged their beliefs about the nature of mathematics.  
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The role of classroom culture was evident in collaborative discussions in the class. 
Students worked together to solve problems and often accepted arguments from other 
group members, rather than asking the teacher for assistance or the correct answer (e.g., 
lines 423-425). Calder (2015) describes this as a shift in responsibility towards students 
becoming more autonomous learners. The development of a classroom culture of inquiry 
was the focus of Goos (2004) research that explored the changes to a senior mathematics 
classroom that used inquiry methods. 
The nature of ill-structured tasks means that there was no single correct answer and this 
encouraged a democratic development of responses (Makar, 2007). Data from this study 
(see 8.2.3 and 8.3.5) indicated that students used group members to collectively and 
collaboratively decide on pathway selections and justify those selections. Students’ beliefs 
and attitudes may have been challenged in a number of ways. Firstly, the collaborative 
development and sharing of answers to the whole class may have challenged students’ 
beliefs that there is always one correct answer in mathematics (Schoenfeld, 1992). For 
example, results from this study reveal that each group developed different solutions, yet 
when shared to the class all answers were accepted as long as sufficient defence was 
evident.  
Secondly, the role that society plays in determining whether or not a mathematics answer 
was correct could have been made apparent to students through the collaborative 
process. Students may have learned that answers in mathematics are collaboratively 
understood (Bandura, 1986; Goos, 2004) and challenged students’ beliefs about the role 
of mathematics in society. These experiences may have encouraged the view that 
mathematics is a useful tool (McLeod, 1992).  
8.5.5 Focus on Communication and Encouraging Creative Solutions 
In this study, the focus on communication of the selected pathway rather than a final 
correct answer appeared to influence students in developing a more sophisticated set of 
beliefs with regard to the nature of mathematics and how mathematics is taught. The focus 
on communication also encouraged students to consider creative solutions to the tasks 
and this appeared to have assisted the students in this class with developing their self-
efficacy. 
As described in 8.5.4 above, answers were acceptable when presented to the class if they 
provided sufficient defence and justification of their choices. The focus was shifted to how 
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the defence is communicated rather than the final answer (Fielding-Wells, 2014). 
Research data from this study suggested that students acknowledged the role that 
communication played in answering ill-structured tasks (see 8.2.3). These experiences are 
expected to have encouraged students to reflect on their beliefs about the nature of 
mathematics and this may have elicited changes to their belief structures. 
It can be argued that if students have a more sophisticated appreciation for the role of 
communication in mathematics, they are better able to understand the role of the teacher 
(Jaworski, 2010). If the teacher is not the person who has the correct answer, then their 
role shifts to a supportive person who can guide students through a process instead. This 
reinforces aspects described in 8.5.3 above and suggests that these experiences 
encouraged students to re-evaluate their beliefs about the role of the teacher and how the 
teacher should behave in a mathematics classroom.  
While students in this study appeared to understand that there was no right and wrong 
answer to the ill-structured tasks, responses rarely became unrealistic. Without a single 
correct answer, students are free to creatively use their own experiences and knowledge 
to develop an argument that they are confident with. Presenting answers to the class and 
having the answer accepted can be argued to have encouraged students to build more 
positive self-efficacy (Bandura, 1977; McLeod, 1992). 
8.5.6 Errors are Encouraged 
By design, ill-structured tasks encourage the creation of doubt (Fry & Makar, 2014). Errors 
are expected as a part of learning. It can be argued that experiencing errors encouraged 
the students in this study to challenge their beliefs about how mathematics is taught and 
their self-efficacy towards mathematics. Gardner and Wood (2009) argued that learning 
from errors was more beneficial to students when compared to learning from other forms 
of feedback. 
Initially, the impasse created by the ill-structured aspects of the tasks appeared to 
encourage students to experience doubts (see 8.2.2 and 8.3.1). Doubt has been described 
as a catalyst for change (Dewey, 1938). Combined with the open-ended, multiple 
pathways available to students, it is expected that students took risks and made mistakes 
when working in the inquiry learning environment (Makar, 2012). The guided inquiry 
process has in-built mechanisms for accommodating these errors through the diverge 
phases. This ensures students do not experience cognitive overload and become 
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exasperated by the process (Kirschner at al., 2010). As students make errors, the role of 
the teacher is to offer feedback and guidance to encourage a reconceptualization of the 
problem (Gardner & Wood, 2009). The role of the teacher as a guide through these errors 
is expected to have challenged students’ beliefs about how mathematics is taught.  
Data from this study supports the interpretation that students were readily able to admit 
when they did not understand aspects of the task and keenly sought to build consensus 
through collaborative methods (see 8.2.3). This approach can be argued to positively 
affect self-efficacy as they saw mistakes as part of the learning process (Bandura, 1977; 
Schunk, 2004). 
8.5.7 Challenge and Defence 
The defend phase of the ill-structured tasks appears to have encouraged students to build 
their self-efficacy in regards to mathematics. Initially when students were challenged, they 
were reluctant or unable to provide reasonable arguments for their choices. Students 
progressively developed these skills and were able to provide the challenge questions to 
other group members and themselves (see 8.3.4). This can be argued to have assisted 
with the development of students’ self-efficacy for mathematics.  
During the inquiry units, students were also encouraged to use their personal experiences 
to build supporting arguments for their pathway selections. The building of support took 
many forms but included relying on practical experience of individuals (line 188), results 
from experimental trials (line 234), conceptual argumentation (lines 372-374) and 
mathematical reasoning (lines 94-98). In this way students could rely on their personal 
viewpoint or strength to solve the problems. Allowing students to use their personal 
strengths to solve problems can be argued to assist with the development of more 
sophisticated beliefs regarding the applicability of mathematics to their lives and their self-
efficacy for solving complex mathematical problems (Bandura, 1977; McLeod, 1992). 
8.5.8 Summary of Aspects that Build Inquiry Attitude 
While each of these aspects above are argued to have contributed towards the 
development of more sophisticated beliefs for students in this class, this thesis is not 
suggesting that the same impact would be achieved if each aspect was implemented 
separately. Instead, the combination of these aspects is argued to have led to the 
development of an inquiry attitude within the classroom.  
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For example, the role of the teacher in mathematics was aligned through the way 
questions were presented before the learning occurred (8.5.2), the focus on relational 
understanding (8.5.3), the focus on communication rather than a final answer (8.5.5) and 
the expectation that there would be impasses and mistakes made to reach an answer 
(8.5.6). It appears that the building of these experiences created a pattern or alignment of 
beliefs as students’ existing beliefs and attitudes were challenged at a number of stages 
throughout the inquiry learning process. This argument leads to an extension of this 
central thesis that is now discussed below. 
8.5.9 Progressive Impact of Inquiry Learning 
In addition to an apparent alignment of beliefs into an inquiry attitude, exposing students to 
repeated ill-structured tasks may deepen the development of an inquiry attitude in 
students. This notion was developed from examination of case study data in chapter 7 and 
Figure 7.1 provides a graphical display of this theory. 
Participants of the case studies displayed varying levels of beliefs regarding mathematics 
at the beginning of the study. Each case study can be argued to show signs of 
development in the sophistication of students’ beliefs about mathematics. Students were 
challenged by the ill-structured tasks and inquiry learning environment in different ways. 
For example, in regard to their beliefs about the usefulness of mathematics, two of the 
case study participants appeared to show significant improvements and the third 
participant can be argued to have demonstrated sophisticated beliefs before the study 
began. 
Interviews conducted after each inquiry unit allowed for students to respond to questions 
related directly to McLeod’s (1992) belief domains. These reflections show some evidence 
of these shifts and can be highlighted by referring to lines 388, 391, 412 and 463. In these 
lines, it can be interpreted that Glen displayed a shift in his beliefs about how useful 
mathematics will be to him after he leaves school. In the final post-task interview Glen 
identified the topics he has learned that he believes will be useful in his future as, “Taxes, 
currency, building things, money and appreciation” (line 463). Three of these five topics 
Glen mentioned were learned through inquiry methods.  
In addition, the IMBS and MAS surveys showed significant shift in student responses to 
questions related to the usefulness of mathematics. Combined with the case study results, 
this supports the notion that iterations of the inquiry units made progressive shifts to 
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students’ beliefs and attitudes towards mathematics. The idea of reinforcement is 
supported by theorists who argue that beliefs and attitudes are difficult to change 
(Ambrose, 2004; Chamberlain, 2010; Ciompi, 1991). It does appear that successive 
experiences with ill-structured tasks in an inquiry learning environment supported a 
progressive shift in students’ beliefs and attitudes towards mathematics (see 8.4.7). This 
shift has been interpreted as promoting an alignment in beliefs that has been described as 
an inquiry attitude. 
8.6 Considerations regarding Results 
There was a low number of participants (23) involved which makes generalisation of 
results less possible. Given that this study intended to look deeply at individual student 
experiences, it is not feasible that more students could be involved and it is considered 
unlikely that results for this study would have been different with more participants.  
A lack of suitable controls for initial and final surveys and ill-structured tasks reduces 
possible claims of causality for results with the inquiry learning environment. The reasons 
for the lack of control groups were discussed in section 4.7. In addition to the lack of 
controls, the students were learning inquiry units for only one-fifth of the time throughout 
this study and therefore causality is made more difficult. Evidence of impact on students’ 
beliefs and attitudes was not limited to these initial and final surveys and tasks and 
therefore the overall validity of the results was not considered to be affected. Significant 
results on the surveys allowed arguments to be made that there were impacts on students’ 
beliefs and attitudes, regardless of causality.  
It is important to note that the researcher was known to the students as a staff member at 
the school. The role of the researcher as a deputy principal may have intimidated some 
students and influenced them to be more compliant with their responses. However the 
researcher did point out on a number of occasions that his role in that classroom was as a 
researcher, not as a deputy principal and that the main duty of care and instruction still 
resided with the teacher. This may have affected the way students responded to surveys, 
tasks, post-task interviews and questions posed during the lessons. The researcher did 
participate in lessons where inquiry learning took place. This may reduce the reliability of 
the results. However, the researcher spent a total of approximately 7 weeks of 
mathematics learning time with these students and therefore it is expected that some 
results would have been true reflections of students’ perspective. 
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The perspective of the researcher in these situations adds an element of uncertainty to 
results (Cresswell, 2014). The analysis of video and interview data formed the main aspect 
of results for this study and the perspective of the researcher would have filtered the way 
results have been selected and interpreted. The perspective of the researcher has been 
made explicit through the inclusion of a theoretical framework chapter (see chapter 3) and 
all interpretations from this study need to be considered through this lens. 
The teacher’s approach to scaffolding students appeared to show change (see section 
8.2.3) across the study. Changes to the way students were taught may have influenced 
their beliefs and attitudes towards mathematics and could be argued to be separate from 
the inquiry learning process. However ill-structured tasks in an inquiry environment 
encourage a change in pedagogical style and therefore can be argued to have influenced 
the change in the teacher’s behaviour in this study. 
Despite the majority of students in this study engaging in the ill-structured tasks, there 
were a few students who resisted full engagement with the program of inquiry learning. 
This is consistent with observations from other researcher (Goos, 2004). It can be argued 
that not all students were developed an inquiry attitude in this study. 
8.7 Implications for Research 
This study highlights a number of possible areas of further study. It appears that inquiry 
learning can impact upon students’ beliefs and attitudes and enable learners to develop 
more sophisticated beliefs about mathematics and mathematics teaching. The impact of 
other student centred approaches, such as modelling, on students’ beliefs and attitudes 
towards mathematics would contribute to research in this field. Comparisons between the 
techniques could also provide further information about the nature of students’ 
mathematical beliefs and attitudes. 
Another important consideration is the role of learned helplessness in an inquiry 
environment in mathematics (Dweck, 1986). Evidence in this study supports the notion 
that students’ self-efficacy was exposed and challenged and instances of possible change 
were highlighted, however this was not able to be correlated to students who displayed low 
motivation or the learned helplessness approach to mathematics (Schoenfeld, 1988). 
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8.8 Implications for Practice 
Results and interpretations from this study provide educators with specific ways that 
students’ beliefs and attitudes towards mathematics have been engaged. Educators who 
are seeking to enrich the learning experience in mathematics may gain insight into tools 
such as ill-structured tasks and how they can impact learning.  
The notion of an inquiry attitude may resonate with some educators and allow them to 
experiment with the creation of this attitude in their classrooms. While other notions of 
inquiry learning environments are available, this unique perspective may provide 
accessibility to educators who were previously unable to resolve aspects of inquiry 
learning to use in a practical way. Educators who seek to improve the beliefs and attitudes 
of students learning mathematics may use these results to develop other methods of 
teaching as results detail the components that impact these changes in beliefs. 
8.9 Conclusions 
The thesis presented in this study is that an inquiry attitude is developed from students 
engaging in inquiry learning. An inquiry attitude is argued to allow the learners to 
continually develop more sophisticated beliefs about mathematics and how mathematics 
should be taught. Other research into the use of inquiry learning has revealed that inquiry 
classrooms can be viewed as a community of inquiry (Goos, 2004) or that they have a 
spirit of investigative inquiry (Cobb & McClain, 2006). While this notion of an inquiry 
attitude does not assume to replace or expand upon other interpretations of the dynamics 
of an inquiry classroom, it does provide improved accessibility to understanding the impact 
of an inquiry learning environment. Therefore it can be argued that this thesis makes an 
important contribution to this field of research. 
An analogy of the magnetism of an iron bar will assist with the understanding of this thesis. 
In the same way that an iron bar can become magnetised through the alignment of atomic 
domains within the iron, exposure to inquiry learning in mathematics can align the beliefs 
of students about mathematics and mathematic teaching. Repeated exposure can deepen 
these beliefs in the same way that repeated exposure to another magnet makes an iron 
bar more magnetised. Not all atomic domains will be aligned in the same way in any two 
magnets. Similarly beliefs about mathematics will differ between individuals; however the 
overall effect becomes a disposition or pattern of beliefs that is aligned to create an inquiry 
attitude. 
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Affective aspects of learning mathematics have been the focus of number of research 
projects in the past 30 years (De Corte et al., 2008; Di Martino & Zan, 2014; Kloosterman 
& Stage, 1992; Leder, Pehkonen, & Törner, 2002; Maass, 2010; McLeod, 1992; 
Schoenfeld, 1988, 1992; Schuck & Grootenboer, 2004). Currently, few research projects 
have deliberately investigated relationships between inquiry learning and students’ beliefs 
and attitudes towards mathematics (Taylor, 2009; Ward et al., 2010) although some 
researchers have commented that beliefs and attitudes were found to play a role in the 
investigative classroom (Galbraith & Clatworthy, 1990; Goos, 2004).  
This study has taken the further step of investigating how an inquiry classroom affects the 
students’ beliefs and attitudes towards mathematics and therefore offers important new 
information regarding the way inquiry learning exposes and challenges students’ beliefs 
and attitudes. This provides the inquiry learning research community with an empirical, 
affective perspective of the nature of inquiry learning. It also makes a contribution to the 
field of affective learning in mathematics by providing empirical examples of aspects that 
challenge students’ beliefs and attitudes.  
This study also investigated which beliefs and attitudes showed positive change across 
time. Given that beliefs and attitudes are considered relatively stable (Ambrose, 2004; 
McLeod, 1992; Pajares, 1992), and that older students are more likely to have entrenched 
beliefs (Di Martino & Zan, 2014; Goodykoontz, 2008), the empirical support for a change in 
students’ beliefs makes a significant contribution to researchers who are interested in how 
beliefs can be impacted in a positive way in mathematics. 
Results from this study build support for the idea that ill-structured tasks in mathematics 
can be used to assist with the initiation and sustainment of an inquiry learning 
environment. While a number of researchers have used ill-structured tasks in this way 
(Fielding-Wells at al., 2014; Fry & Makar, 2012; Makar, 2007), this study investigated the 
specific aspects of ill-structured tasks that promote this learning environment. Results also 
provide the research community with an empirical perspective of potential barriers when 
using these task types with senior high school students. 
The results from empirical classroom observations, surveys and case studies support the 
claim that students’ performance on ill-structured tasks improves with practice. While this 
claim may appear logical, little empirical evidence has been available to support this claim. 
This builds upon work from researchers in this area who have investigated the way 
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students respond to ill-structured tasks compared to well-structured tasks (Jonassen, 
1997; Lodewyk, 2007; Spector, 2006). 
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Appendix A  
Interview Categories and Questions 
 
Questions about liking school and liking mathematics 
 
What's your favourite subject? 
 
What's your least favourite subject? 
 
How do you like maths this year? How does it compare to last year? Before then? 
 
Questions about importance and usefulness of mathematics 
 
When do you use mathematics? What for? 
Do you think you'll use math in the future? 
What for? 
 
Questions about self as a mathematics learner 
 
Are you doing well in maths this year? (Explain.) 
 
Are you doing better or worse [in math] this year than you have in the past? (Explain.) 
 
Questions about who can learn mathematics 
 
Do you think anyone can learn math? 
(Why?) 
 
Do you think everyone learns math in the same way? (Explain.) 
 
Questions about learning mathematics in a social setting 
 
How do you go about learning a new topic in maths? (If group work is not mentioned, ask 
about appropriateness of studying new math topics in a group.) 
 
Does one learn maths best by working alone or working with a partner or group? 
(Explain.) 
 
 
 
From Kloosterman, Raymond  & Emenaker, C. (1996, p. 39-56). 
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Appendix B 
Initial Ill-Structured Task 
Maths Task 
Renee and Jacqui collected data about the average number of events students in two different sports 
houses competed in, as part of the recent school athletics carnival. Their final results were then 
represented in a side by side box and whisker plot. This was presented to students on assembly. 
Graph 1. Event participation per student for two sports houses. 
                
        
            
      
 
 
Renee stated on the assembly that the graph proves that Antares students competed in more events per 
student and that’s why Antares won the event.  
Do you agree with her statement? [Explain using mathematical arguments.] 
 
 
 
 
 
You will be assessed using the following criteria. 
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Reflection on the effectiveness of mathematical models (including strengths and limitations) 
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Antares 
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Appendix C 
Final Ill-Structured Task 
Maths Task 
Cars generally depreciate by a fixed percentage each year. This is called Diminishing Value. 
 
You go to a financial advisor who says that nobody should buy a car brand new. She suggests 
buying a car when it’s one or two years old as you always save money. 
Is this true? Use a mathematical example or reasoning to explain your argument.  
If this is true, why do people buy brand new cars? 
 
 
 
 
 
 
 
 
 
You will be assessed using the following criteria. 
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MPS 
Use of problem-solving strategies to model and solve problems  
Investigation of alternative solutions and/ or procedures  
Informed decisions based on mathematical reasoning  
Reflection on the effectiveness of mathematical models (including strengths and limitations) 
 Grade: 
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Appendix D 
Indiana Mathematics Belief Scales 
Q  Strongly Agree Agree 
Not 
Certain Disagree 
Strongly 
Disagree 
1 Math problems that take a long time don’t bother me. 1 2 3 4 5 
2 There are word problems that just can’t be solved by following a predetermined sequence of steps. 1 2 3 4 5 
3 Time used to investigate why a solution to a math problem works is time well spent. 1 2 3 4 5 
4 A person who can’t solve word problems really can’t do math. 1 2 3 4 5 
5 By trying hard, one can become smarter in math. 1 2 3 4 5 
6 I study mathematics because I know how useful it is 1 2 3 4 5 
7 If I can’t do a math problem in a few minutes, I probably can’t do it at all. 1 2 3 4 5 
8 Word problems can be solved without remembering formulas. 1 2 3 4 5 
9 
A person who doesn’t understand why an answer to a 
math problem is correct hasn’t really solved the 
problem. 
1 2 3 4 5 
10 Computational skills are of little value if you can’t use them to solve word problems. 1 2 3 4 5 
11 Working can improve one’s ability in mathematics. 1 2 3 4 5 
12 Word problems are not a very important part of mathematics. 1 2 3 4 5 
13 Knowing mathematics will help me earn a living. 1 2 3 4 5 
14 I feel I can do math problems that take a long time to complete. 1 2 3 4 5 
15 Learning to do word problems is mostly a matter of memorizing the right steps to follow. 1 2 3 4 5 
16 In addition to getting a right answer in mathematics, it is important to understand why the answer is correct. 1 2 3 4 5 
17 It’s not important to understand why a mathematical procedure works as long as it gives a correct answer. 1 2 3 4 5 
18 Computational skills are useless if you can’t apply them to real life situations. 1 2 3 4 5 
19 I can get smarter in math if I try hard. 1 2 3 4 5 
20 Mathematics is a worthwhile and necessary subject. 1 2 3 4 5 
21 I’m not very good at solving math problems that take a while to figure out. 1 2 3 4 5 
22 Memorizing steps is not that useful for learning to solve word problems. 1 2 3 4 5 
23 I can get smarter in math by trying hard. 1 2 3 4 5 
24 I find I can do hard math problems if I just hang in there 1 2 3 4 5 
235 
 
Q  Strongly Agree Agree Not Certain Disagree Strongly Disagree 
25 Any word problem can be solved if you know the right steps to follow. 1 2 3 4 5 
26 Studying mathematics is a waste of time. 1 2 3 4 5 
27 Getting a right answer in math is more important than understanding why the answer works. 1 2 3 4 5 
28 Learning computational skills is more important than learning to solve word problems 1 2 3 4 5 
29 Ability in math increases when one studies hard. 1 2 3 4 5 
30 Mathematics will not be important to me in my life-s work. 1 2 3 4 5 
31 If I can’t solve a math problem quickly, I quit trying. 1 2 3 4 5 
32 Most word problems can be solved by using the correct step-by-step procedure. 1 2 3 4 5 
33 It doesn’t really matter if you understand a math problem if you can get the right answer. 1 2 3 4 5 
34 Math classes should not emphasize word problems. 1 2 3 4 5 
35 Hard work can increase one’s ability to do math. 1 2 3 4 5 
36 Mathematics is of no relevance to my life. 1 2 3 4 5 
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Appendix E 
Mathematics Appreciation Survey 
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Mathematics Appreciation Survey Open-Ended Question 
 
 
Open-Ended Questions – Please write your response in the space provided 
 
1. How would you respond to someone who asks, ‘‘What is mathematics? ’’ 
 
 
 
 
 
 
 
 
 
2. What does it mean to understand a mathematical problem? 
 
 
 
 
 
 
 
 
 
 
3. Explain the role of critical thinking when doing a problem that uses 
mathematics. 
 
 
 
 
 
 
 
 
 
 
 
4. What reasons would you give to someone for studying mathematics? 
 
 
 
 
